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Tooth-change and Tooth-formula in the Lagomyiile. 

rp 

i HE three extinct Lagomykhc, Tifanomgs, Prolagus, and Lagopsis, and the surviving 
Lagorngs , have five upper cheek-teeth, as against six in Leporkhe ( Paheolagus and 
Lepus s. 1.). From a comparison of the form and relative size of the teeth in Lepus and 
Lagorngs, the type genera of hotli groups, Waterhouse* and Gervais + had rightly argued 
that the last upper molar of Lagorngs corresponds to the penultimate upper molar in the 
Ilare. Since Lepus changes the three anterior of the upper six, and the two anterior of 
the lower five cheek-teeth, the formula being therefore IV*, M. it might have been 

further inferred that the number of premolars in Lagomyidai is the same as in the 
Leporkhe. 

Curiously enough, in recent species of Ingoings the tooth-change has never been 
examined. In 1870 +, O. Fraas described and figured the milk -dentition of Prolagus, 
with - cheek-teeth, there being three deciduous molars above and two below. The 
obvious inference is that the premolars are the same in number as the milk-teeth, and 
therefore in agreement with what is known in Lepus. 

Fraas, however, proposes quite a novel definition of what we have to consider to be 
premolars, with the unavoidable result of thus introducing an element of confusion. 
Finding the three upper posterior and the three lower posterior cheek-teeth of Prolagus 
more in agreement as to general form with each other than with those anterior to them, 
which are two in the upper and one in the lower jaw, he concludes that these last are to he 
considered as premolars. According to this theory, which conflicts with the prior state- 

incut, of the number of deciduous teeth, the tooth-formula would be P. M. But 

L c> 

this second statement is asmin in flagrant contradiction with the following description of 
the mode in which the tooth-ehange is supposed to occur. The anterior upper premolar, 
termed P. L> by Fraas, is stated to bave no deciduous predecessor, the place of the anterior 
of the three deciduous teeth being taken by the premolar following behind the first, the so- 
called P.j ; while the anterior premolar pierces the jaw in front of P. t and comes in place 

* G. R. Waterhouse, 1 A Natural History of the Mammalia/ vol. ii. p. 14 (1S48). 
t Zool. et Pal. Frane., see. ed. pp. 4s, 49 (1859). 
t Wurttemb. natunv, Jahresh. xx\i. p. 1(39 (1870). 
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through the same lacuna (“ Zalmlficke ”), produced by the dropping out of the first 
deciduous. The two posterior deciduous teeth are, according to the writer, situated on 
the top ol' molars I. and II. (!) respectively, like so many caps. So that, according to this 
description, of the five upper cheek-teeth of l J vologus, the first and the last have no 
deciduous predecessors, but the three intermediate have. In the lower jaw kVa as finds 
two deciduous cheek-teeth : “ Xeben dem ersten zweiwurzeligen Decidmis, der fiber dem 
einzigen Praeinolaren sitzt, ist nock ein zweiter zweiwurzeliger Decidmis, der von dem 
ersten Molarcn verdrimgt wird.” According to this, in the lower jaw the supposed 
unique premolar and what he believes to be the first true molar would have deciduous 
predecessors. 

Those astounding views necessarily created a distrust in Traas’ description of deciduous 
molars (in Pro fag ns ) ; and as a consequence most of the subsequent authors on the 
subject, up to this day, have, with regard to the Lagomvidie, preferred to adhere to the 
old Cuvicrian dictum, viz., that in all the Kodents with more than three molars, only 
the one (or more) anterior to the three are replaced, and that the latter alone are to be 
considered true molars. 

Fdhol has observed the two anterior lower cheek-teeth to change in Tilunomys, and he 
apparently extends this observation to the maxillary teeth as well : “Chez lc Titanoutys, 
les deux premieres dents etaient sujettes an reinplacement ” 

The one author who first rightly interpreted the tooth-formula of Lagomyidee is Wiugc, 
although he has not seen the tooth-change. Of Traas’ statements he says that they are 
not clear, partly due to some of the premolars being called molars ; and he continues to say 
that Lugumys — which, according to him, includes the fossil “ Jlyolugtis” and its allies — 


“ hash- or ’’ cheek-teeth ; these are the f 1 

,) i a 4 ■> a 


or “ t \ . !: of the typical 


as is seen 


3 4 5 0 

from a comparison with Lcpus\ in the maxillary the three anterior teeth, in the mandible 
the two anterior arc changed ” f. 

In the first part of his memoir on Tertiary llodentia, Sehlosser speaks invariably of 
only one inferior premolar and ol'a fourth inferior true molar (m. I ) in fossil Lagomyidie J • 
but later on he gradually § arrives at the true statement of things as given in the 
supplement to the above memoir, in the following words: — “In this group (/. e. the 
Lagomorplui) at least the first two anterior teeth in each jaw arc changed, so that we 
must speak of two, respectively three premolars ” ||. 

llv own observations are to the following ell'ect : — 

1 . Tittntonnys. — This genus has five cheek-teeth in the upper jaw. The deciduous 
teeth are three in the maxillary and two in the mandible, as is seen in the llott skeleton 
described below. The two deciduous inferior teeth, as mentioned above, have already 
been figured by Tilhol * . 


* Ami. Sc. Gi’ol. x. ]>. ail (is 71'). 

t “ Om PaUedyrcnes Tandbkifte " (\ iclensk. Mod del. Xaturh. Porcuing i Kjdbcnliavn f. 1662), p. 46 (166JJ). Sec 
also 11. Wingc, iu 1 E Musco Luudii, 1 i. pp. 106, 111 (1666). 

% * Pakcontographica,' xxxi. p. 10 &c. (1664). 
i| Paltooiitogr. xxxi. p 327 (1SS">). 


§ Op. cit. p. 110, Anui. 2. 

1 Op . cit. p. 20, pi. 3. fig. 3. 
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As to the number of lower cheek-teeth, I find, as a rule, five in one of the species, 
Titanonn/s Fontennesi ; but in two out of seventeen mandibular rami there are only 
four teeth, there being no trace of an alveolus for the last small tooth, which probably 
will be found constantly present in young specimens. 

In the other species, T. risenoriensis, the fifth lower molar is supposed to be oftener 
missing than not. Pomel called Amphilegus — regarded by him as a subgenus of 
Legomys — those specimens of T. risenoriemls in which five mandibular eheck-teeth 
were present; those with only four teeth he placed in his genus Lagodus ( Legode s 
picoides , Pomel, = Tihmomys risenoriensis, II. v. Aley.). Eilhol has based a fusion theory 
on the presence or absence of the small molar in question *. 1 Te assumes that at a certain 

given moment there prevails a tendency to simplification in the Lagomyine dentition — 
firstly by the fusion of the last (fifth) tooth with the penultimate, and secondly by the 
tendency of the fused elements to disappear. 

This theory is at once disposed of by the fact that in the mandibles of Titanomys 
Fontennesi before me both the fifth tooth and the posterior colonnette of the fourth — 
which colonnette Filhol considers to be the fifth tooth fused to the fourth — are present 
together. I think that for T. eisenociensis the same explanation holds good as with 
regard to T. Fontannesi , viz. the fifth tooth has sometimes been lost in the young animal 
and its alveolus obliterated ; its frequent absence is simply explained by the fact that it 
has dropped out in the fossils. 

Anyhow, the formula of Tiianomys will have to be written as follows ; — 

V A At nv P--4 P- -• ]>• 1 : ra- 1- - 

2* 2— p. 2, p. 1 ; m. 1, m. 2 (in. 3)* 


2. Prohigns . — I have at my disposal the deciduous molars of two species of Proteges 
[71 trningrnsis (Ivon.) and P. sorting (AVagn.)] ; there are three in the upper and two in 
the lower jaw, as seen already by Praas in the first-named species. In the skull of a 
young P. sorting, where the deciduous teeth are in site, the following maybe seen : — The 
anterior of the three deciduous teeth is not situated directly above the anterior premolar, 
but slightly backward, closely oppressed to the second deciduous, so that with its anterior 
moiety it covers only the posterior part of the premolar; besides it could not possibly cover 
the latter completely, being much smaller. It is needless to say that neither of the true 
molars, both of which arc already protruded in the skull under observation, supports a 
milk-tooth ; as a matter of fact, the tooth called molar I. by Eraas, which in reality is the 
posterior of the three promolars, is situated under the posterior of the three deciduous 
molars, as is the middle premolar under the middle deciduous. 

In the lower ja w of both species the two anterior of the four lower cheek-teeth replace 
the two deciduous teeth. 

Therefore, since Proteges has in the full-grown animal five cheek-teeth above and 
four below, its tooth-formula will be : — 


P. 


a 


M. 


- p. 3, p. 2, p. 1 ; m. 1, m. 2 

2 ? p. 2, p. i ; m. 1, m. 2* 


* Arm. Sc. Geol. x. p. 2S (1S7U). 
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3 & 1 -. Logopsis and Lagomys. — Since these genera have five cheek-teeth in both jaws, 
there being a small fifth inferior tooth, their tooth- formula will be: — 


P. 


3 


.)> 



p. 3, p. 2, p. 1 ; m. 1, m. 2 

p. 2, p. 1 ; m. i, 111 . 2. in. 3* 


To s?tm up. The number of premolars is constant in all the genera of Lagomykhe, 
and the same as in Lepus\ whereas that of the true molars varies in the different genera ; 
not rice versa, as has been supposed by Lydekker *, Flower f, and Zittel J. 

The upper m. 3, always present in Lip ns, is always absent in the Lagomykhe. Of the 
lower true molars, m. 3 is always present in Layopsis and Layomys , when not lost in the 
fossil: it is always absent in Protayns; while in Tilanomys this tooth is rarely absent 
in one species, T. Fonlannesi , more frequently in the other, T. visenooiensis, but presumably 
always present in young specimens of both. 


1. Genns Titaxomys. 

Titanomys, H. v. Meyer, Neues Jahrh, 1813, p. 390. 

Layudus, Pomel, Cat. nietli. Vert. foss. Loire et Allicr, p. 41 (1853) ; Dcperet, Arch. Mas. Lyon, iv. 
p. 12(5 (1887). 

Layomys (subg. Amphilayus ), Pomel, op. eit. p. 42. 

Layomys, Lydekker, Cat. Foss. Mamm. Br. Mus. i. p. 255 (1885). 

Layomys {Layopsis), JSelilosser, Pal. Oestr.-Ung. viii. p. 8(5, foot-n. 4 (1890), p.p. ; Dcperet ?, Arch. Mus. 
Lyon, v. p. 58 (1892). 

TlTA XOM YS VISE NO VI EN S LS. 

Titanomys idscnoviensis, II. v. Meyer, Neues Jalirb. 1843, p. 390; Gervais, Zool. et Pal. fr., prom, ed., 
Expl. No. 46, pi. xlvi. fig. 2 (1848-52) ; Broun, Loth. Gcogn. iii. p. 103 (1853-56) ; Gervais, Zool. 
et Pal. fr., deux, ed., p. 50, pi. xlvi. figs. 1, 2 (1859); II. v. Meyer, Palieontogr. xvii. p.225, 
pi. xlii. (1870) ; Filliol, Ann. Sc. Geol. x. p. 26, pi. ii. figs. 25, 26, pi. iii. figs. 1-18 (1879) ; 
Scldosser, Palieontogr. xxxi. p. 29, pi. xii. figs. 36, 38, 39, 11, 43, 15, 17, 18(1884); Zittel, Haudb. 
d. Paheont. i., iv. p. 552 (1891-93). 

Titanomys irilobus, Gervais, Zool. et Pal. fr., prem. ed., Expl. No. 46, pi. xlvi. fig. 1 (1848-52). 

La god us pic aides, Pomel, Cat. nietli. p. 41 (1853). 

Layomys (subg. Amphilayus) autiqnus , Pomel, op. eit. p. 43. 

Amphilayus autiqnus , Seldosser, op. eit. p. 30. 

Layomys visenoviensis, Lydekker, Cat. Foss. Mamm. Brit. Mus. i. p. 258 (1885). 

Historical Sketch. 

In announcing his new genus Titanomys (type species T. visenoviensis), from the Lower 
Miocene of AVeiseuan near Mayenee, II. v. Meyer characterizes it as having prismatic 
cheek-teeth, agreeing in size and number and resembling in form those of Layomys , 
with the difference, however, that the lower molars of the fossil present a distinct 

* Cat. Fo^s. Mamm. Br. Mus. i. p. 255 (1SS5) ; Nicholson & Lydekker, Manual of Palseont. ii. p. 1412 (1889). 
t Flower & Lydekker, ‘ lutroduct. to the Study of Mammalia,’ p. 491 (1891). 

X Zittel, Haudb. d. Paheont. i., iv. p. 551 (1891-93) ; id. Grundz. d. Palseont. p. 825 (1S95). 
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posterior appendage (“ Hinteransatz ") not known to exist in Lagomys , while the 
Weiscnau Rodent lacks the distinctly developed tooth-particle (“ Zahntheil ”) in the last 
lower molar of existing* Lagomys and of those of the “ ossiferous breccia”; by which 
is apparently meant the Prolog tin of Corsica and Sardinia. 

TTe meet here at the outset with several incorrect statements. The upper molars are 
not, as we shall see later, prismatic, and the lower are only incompletely so. By the 
alleged agreement in number of the molars of both Titauomys and Lagomys we are 
to understand that both genera have four lower cheek-teeth, the author believing at that 
time that the existing Lagomys has four mandibular cheek-teeth, while in reality there 
are five. II. v. Meyer considered the fifth small cylindric tooth of Lagomys to be a third 
prismatic particle connected with the anterior molar, as is the case in Prolog us. The 
author further makes a distinction — which is repeated two years later in his ‘Fossil 
Mammals of tEningeu/ where incidentally the genus Titauomys is mentioned* — between 
a distinct “Hinteransatz” in the posterior molars of Titauomys^ and the “distinctly 
developed ” posterior or third “ Zahntheil ” of the last molar in some Lagomyidae, without 
being aware that the two are one and the same thing and homologous. 

The characteristic’s given of the upper molars are not incorrect, but rather vague, 
showing that the author did not succeed in making out 1 lie pattern of the triturating 
surface, as is confirmed also bv his manuscript drawings subsequently published by 
Sclilosser. 

In the first edition of his ‘ Zoologio et Palcontologie franeaises.’ Gcrvais figures, without 
description, two mandibular rami from the Lower Miocene of Saint-Gerand-le-Puy 
(Allier) ; the fig. 1 of pi. tfi is named Titavomgs trifobtts, the tig. 2 T. cisenorieasis. In 
the explanation of the plate it is stated that the identification with T. I'isenoviensis rests 
on a comparison with a mandible of this species from Germany in t lie British Museum 
(this is under No. 21ID5, from Weisenau). Gcrvais had no upper molars from the French 
deposit, but says that those from Germany, which are in London, “sont assez semblables 
a cellos cles Lapins, mais beaueoup plus courtes et plus arquees,” adding that they are of 
the same form as those from the Miocene of the Limagne, called JLavcninomys by Croizet 
and Fhdyodou by Bravarcl. These are two manuscript names. 

In 1853 Pomel issued a small work of a high standard on the fossil vertebrates of the 
Loire and Allier basins, pretending to be nothing more than a catalogue f . The 
descriptions are in consequence very short, and as there are no figures, the utility 
of this excellent publication lias been rather limited. The Leporiche family opens J 
with a new genus, Lagodus, from the Tertiary of Langy ; the only species, L. picoides, 
scarcely larger than Lagomys pitsiUus, is based mainly on t lie upper and lower cheek- 
dentition, the description of which 1 transcribe at length for future reference. From 
this it will be seen that the author assigns to his genus Lagodus five upper and four 

* 1 Zur Fauna d. Yorwelt. — Foss. Saugethiere etc. von (Euingen/ p. 10 (1845). 

t Catal. method, et descr. des Vert. foss. decouv. dans le Bassiu hydrogr. sup. de la Loire, et surtout dans la 
Vallee de . . . F Allier (1853). 

t cit . p. 41. 
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lower cheek-teeth ; the first superior was missing, and from the form of the alveolus it 
is declared to have been very small. “ En liaut il pavait y avoir eu cinq molaires; la 
second e est plus etroite que chez les Lagomys et pour ainsi dire reduite a une seule lame 
marquee en travel’s de deux plis d’email, do maniere a flgurer presque trois croissants 
eoneentriques ; les trois mitres ont deux lames dont la premiere est simple, et la seeonde 
pourvue des deux replis d’email de la dent qui precede, excepte a la cinquiemc dent, 
oil ellc est plus petite . The lower teeth are said to be four in number, “ par 
absence de la derniere. Premiere tetragone divisec par deux sillons en deux cylindrcs 
comprimes, dont l’anterieure jilus saillante est aussi un pen plus large et la seeonde a 
en arriere un petit pli d’email partant de l’angle interne surtout evident a la derniere 
molaire et s’effa^ant assez tard par la detrition. Ccs eylindres sont moins comprimes 
d'nvant en arriere que eliez les Lagomys, et leur disque de detrition est ovale oblong, 
brusquement nttenne cn angle du cote externe, arrondi vers l'interne.” 

Erom the later descriptions of Titauomys and from examination of originals, we are 
enabled to refer Pomel’s Lagodus to the former genus, and at the same time to appreciate 
the accuracy of bis description. But without this help and in the absence of figures, 
it becomes difficult to form an exact conception of the complicated pattern of the 
upper teeth, from their necessarily too short characteristics by Pomcl. Hensel, when 
describing the teeth of Prolagns (bis J/yoIagns), was on the look-out for allied forms; 
lie gives in full Pomel's description of Lagodus *, but fails to sec the curious relationship 
existing between the upper premolars of the former and all the upper cheek-teeth of 
the latter. 

The small enamel fold described by Pornel as starting from the internal angle of the 
posterior lamina in the three mandibular teeth behind the first is the “ Ilinteransatz ” 
of II. v. Meyer's Titauomys. The relations of the latter to his Layodns are not discussed 
by Pomcl ; he suggests the former to be probably the same as Lrolagus sansauiensis 
(Lartet’s lagomys sausauiunsis). 

Pomel's Amphilagns rests on lower jaws ; he considers it to be a subgenus of Lagomys, 
apparently because in both there are five lower cheek-teeth : “la derniere molaire” (in 
Amjd/ilagns) “ ties petite est cylindrique et caduque, en sorte qu’il ne reste souvent que 
quatre dents a la machoire.” The form of the anterior lower premolar is the same as in 
'‘Lagodus" and Titauomys, and very different from the premolar of Lagomys , a 
character which at once suggests that “ La god us" and Amp hi lag us may he identical, 
and that the absence of the small posterior appendage in the lower molars attributed to 
Amphilagns is due to the specimens being from older individuals than those assigned to 
“ Lagodus 

In Promts ‘ Lethaea Geognostiea,’ Pomel's Lagodus is given as a synonym of 
Titauomys risenoviensis on the authority of II. v. Meyer (“ Jide Meyer in litt. "). 

The second edition of the Zool. et Pal. fran?. (1859) gives good reasons for considering 
Titauomys trilohus as the young of T. riscuorieasis. Of the last loner molar in particular 
Gervais says: — “la derniere montre encore avee assez d'evidence un troisieme lobe, qui 


* Zeitschr. d. deutseb. geol. Gcs. viii. p. G99 (lboG). 
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cst d’ailleurs petit et qui, it un Age plus avance, cut etc coufoudu avec le second lobe dc 
la rnerae dent, com me eela sc voit chcz le sujet de la figure 2 ” ( T. risenooiensis) ; and lie 
goes on stating, as Pomel had done for his Lagodus, that this little posterior column is 
gradually worn away. It is mentioned by Gervais only in the last molar, and his figures 
show no trace of it in the anterior molars. 

Referring to Pomel’.s Lagodus and Amphiiagus, Gervais launches an ungenerous and 
unfounded accusation against this author, alleging that the former genus is “ du moins 
en partie " based on his, Gervais', figure of Titan, trilobus , and that Ampliilagm rests on 
fig. 2, representing Titan, visenoviensis. No mention is made of Pomel's description of 
the upper dentition of “Lagodus. " If the latter writer failed to recognize in his Lagodus 
and Amphiiagus II. v. Meyer's Titanomgs visenoriensis, it was perfectly excusable at the 
time he wrote, when this species had been so very imperfectly diagnosed both by 
II. v. Meyer and by Gervais, who both failed to make out the pattern of the upper 
teeth. I p to this day we have not been better oif with regard to the upper cheek-teeth 
from the type-locality IVeisenau. 

It would have been fairer on the part of Gervais to acknowledge that Pomel’s 
description of the inferior molars of “ Lagodus" had gone far in enabling him 
(Gervais) to recognize the non-validity of his species T. trilo/jus, and that Pomcl had 
besides described more accurately than, himself the lower teeth, in demonstrating the 
presenee of the “ petit pli d email ” in all the posterior teeth of younger specimens. He 
certainly could not have based this statement on Gervais’ fig. 1 of tin 1 young specimen, 
where only the last molar shows a posterior appendage. The accusation with regard 
to Amphiiagus is quite as unfounded as the first one. Pomcl assigns five teeth to the 
lower jaw of his genus, Gervais’ figure shows only four; the description of the first tooth 
of Amphiiagus does not exactly agree with the tooth in Gervais' figure, from which last, 
moreover, it could not lie made out that the two cylinders of each of the posterior teeth 
are united by cement, as stated by Pom el to be the case in his Amphiiagus. Other 
particulars occur in the description of Amphiiagus, which might at once have convinced 
an impartial critic that Pomel based his description on originals. These were, many 
years later (1879), handed by Id. Pomel himself to Prof. Pilliol *. 

In his posthumous paper (1S70) on the skeleton of a young Titanomgs visenoviensis 
from the Lignite of llott near Bonn, now in the British Museum (No. 410S5), H. v. 
Meyer mentions rooted cheek-teeth in Titanomgs, and he has been understood to 
state that only the deciduous teeth of this genus are provided with roots. However, 
when reading attentively II. v. Meyer’s paper — I might almost say, in reading between 
the lines as well — one necessarily comes to the conclusion that in adult specimens 
the permanent molars were also rooted, and that the author himself had suspected this 
fact, but hesitated to proclaim it. Two kinds of rooted Titanomgs- teeth are mentioned in 
the paper. "With regard to those of the Pott skeleton, the author states that their 
triturating surfaces arc concealed in the matrix, so that their opposite ends only could be 
examined ; but this docs not hide the fact, he continues, that the two posterior upper 

* Ann. tSc. Geol. x. pp. -7, 2S (1S7^). 
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teeth were formed as in Lagomys. This evidently implies that they have no roots ; for 
the writer proceeds to state that in the teeth anterior to those just mentioned lengthened 
roots can be seen. In the two anterior ehcek-tceth of the lower jaw, H. v. Meyer 
describes a short erown and a long root, composed of two strongly converging parts; 
and these two teeth seem to be situated somewhat higher than the two posterior, which 
suggests that they had not yet emerged above the alveolar margin. Contrary to the 
anterior rooted teeth, these two posterior ones are described as “ prismatic”; the whole 
of their crown lias an enamel coating, and is not completely closed below. The author 
concludes that the teeth seem to indicate that the animal was of immature age, a 
supposition which Avould explain the differences of the anterior teeth from those of 
Lagomys. 

As a matter of course, in the lagomorphous Kodentia with permanent cheek-teeth 
growing by persistent pulps, the deciduous teeth are rooted too as in the llott skeleton. 
But the author proceeds to state (p. 128) that lie has examined detached teeth of the 
Titauomys from AVeisenan of two kinds : on the one hand, small teeth corresponding to 
the anterior teeth of the llott specimen ; on the other, lower teeth differing from the 
last by a lengthened prismatic crown and quite insignificant roots ; and upper teeth 
as well, of larger size than those corresponding to the upper anterior teeth from llott, 
supposed by II. v. Meyer to be possibly deciduous. In the larger teeth the roots are 
said to disappear almost completely; “die flacli prismatisehe, gekri'unmte Krone vertritt 
zugleich die llauptwurzel, und cs wird nnr aussen oben ein kleincs Wtirzelchen wahrge- 
nomrnen, das aueh in einer entspreehendeu Stelle des Kiefers eingreil't, Avahrend das an 
der Innenseite mit einer Ilium* versehene Zalin prisma die eigentliehe Alveole ausfullt. ’ 

Prom what will be seen later on, these larger teeth, upper and lower, are in fact the 
permanent teeth of Titauomys , as II. v. Meyer hesitatingly suggests. Therefore there is 
no foundation in the distinction — such as is drawn by Depcret — of two genera, founded 
on the presence or absence of roots in the permanent teeth, viz. : — 

(1) Titauomys, with roots in the deciduous set only. 

(2) Lagodns, with roots in the permanent teeth as well (premolars and true molars). 

Proceeding with our historical sketch in chronological order, we next have to 

consider Pilhol’s description of Titauomys risenociensis from Saint-Gerand-le-Puy 
(Allicr) *, which has already been quoted more than once in the preceding pages. 
Among the synonyms of this species arc given Amphitagus antiques, Pom., and 
Lagodns pico/des, Pom. : the identification of the former rests on one of the type 
specimens of Pomel ; the latter is not discussed in the paper. An important character 
noted by Filhol is the relatively considerable longitudinal extension of the bony 
palate in Titauomys. The shortness of the bony palate in lagomorphous Bodents is 
doubtless a specialization ; but by its greater extension Titauomys approaches more 
the condition of other Rodentia and Mammalia generally. The same is true of 
Paheolagus, from the Miocene of North Ameriea, which presents curious resemblances 
with Titauomys in its dentition also. Moreover, we meet with a lengthened bony 


* Ann. Sc. Geol. x. p. 20 (1670). 
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palate in Lepus raldarnensis, TVeith. *, from the Upper Pliocene of Tuscany, and 
in three existing Lcporines, Lepus hispid ns, Pears., from the foot of the Himalayas, 
L. Net schorl, Schleg. & .lent., from Sumatra f, and Bomerotagus Xelsoni, Herr., from the 
Popocatepetl (Mexico) J, all three of which have other generalized characters in common 
with each other and partly with Paleeotagus. 

Descript ion of Original Specimens. 

1. The Bott Skeleton .— In its present condition, of the two anterior lower cheek-teeth 
described and figured by II. v. Meyer, only the imprint is preserved, with the exception 
of the anterior half of the front tooth, which is still in place. Prom what can stdl he 
seen, and with the help of H. v. Moyer’s description and figures, there remains not the 
slightest doubt that these two anterior teeth belong to the deciduous set, since they 
bear the characters of milk-teeth, viz., a short crown and (two) long roots, much 
diverging from each other downward. The number of teeth in front of the two 
posterior in the upper jaw is left uncertain in the figures and text of the original 
memoir. A close examination shows that there are three of them : the first apparently 
is provided with a stouter internal and a somewhat weaker external root; the two 
following with one internal and two smaller external roots, the latter strongly diverging 
from the shaft in opposite directions. Here, too, w^e have the characteristic features of 
milk-teeth, of which there are consequently three upper in Tilanounjs , as might have 
been anticipated by analogy to Prolayns. The immature condition of the specimen 
can be further inferred from the fact that the two posterior teeth, viz., the fourth 
and fifth in the series, are not yet on the same level w ith the three in front of them. 
As these two posterior teeth are broken at their lower ends, nothing can be stated as to 
their roots. 

Still less — and this applies to all the teeth of the 11 ott specimen — can be made out 
about the pattern of tlmir triturating surface, which, as noticed already by H. v. Meyer, 
is concealed in the matrix. This deficiency is partly supplied by some teeth from the 
type-locality of TTeisenau, in the British Museum. 

2. Titanomjs visenoviensis from I) 'eisenan . — A fragment of the right upper jaw from the 
Lower Miocene of T\ eisenau, in the Geological Department of the British Museum (21495), 
PI. 36, fig. 19, shows the two posterior piemolars, p.l, p.2, and part of the alveolus of 
the anterior premolar, p.3. These upper teeth were seen by Gervais, who alludes to 
them §, contenting himself with the above-reported general remarks. The first of the tw r o 
premolars preserved, p.2, at once calls to mind by its general form the anterior upper 
premolar, p.o, of Lepus , and to it therefore may be justly applied Gervais’ remark 
referring to all the upper teeth in London, viz., that they are “assez semblables a celles 
dcs Lapins. 55 The general outline of this tooth is somew hat triangular, the broader basis 
being on the inner side, which is imperfectly divided by a slight notch into two abraded 

* Jahrb. k.-k. geul. Iteiehsanst. vol. xxxix. p. SO (lsSO). 
f k Notes from the Leyden Museum/ vol. ii. note xii. p. 50 (IS^O). 
i Proc. Uiol. Soc. Washington, x. pp. 100-174 (1800). 

§ Zool. et Pal. Franc. 1st ed. t. ii. ex pi. no. 40 (184S-52) : 2nd ed. p. 50 (1S59). 
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cusps (8 & 9). Proceeding outward, we meet with two enamel folds starting from the 
anterior side of the tooth. The one placed more' internally (b) is by far the larger of the 
two ; it opens freely on the anterior side, and thence proceeds lirst internally, and then, 
gradually attenuating, postcro-externally, thus assuming approximately the form of 
a crescent, whose anterior horn is much shorter than the posterior. Both horns are 
delimited externally by a cusp (G), having its long axis .almost parallel to the long axis of 
the skull, and protruding with its internal convex border into the enamel fold just described, 
while its shorter and almost longitudinal external border forms the inner margin of the 
much smaller second enamel fold (c). On the outer side of the tooth we meet with a large 
bulging enamel tubercle (5), worn by attrition on its inner side only, and showing thus that 
the outer side in this otherwise much-worn tooth is only partially affected hv trituration. 

The second tooth, p. 1, presents the general contour of the crown of lagomorphous 
Rodents, the transverse diameter largely predominating over the longitudinal : the 
anterior border is slightly more convex than the posterior. The minute pattern of the 
triturating surface, however, is very different from that which we are accustomed to 
consider characteristic of upper leporine molars. The main difference from p. 2 consists 
in the two enamel folds being shut out from the anterior border by a transverse anterior 
lobe, which in p. 2 is apparent, only in a much reduced condition, its outer portion being 
entirely wanting. In p. 1 the anterior lobe or “wall” delimits the anterior horn of 
the enamel fold [b) on its front side, so that in this tooth the anterior horn is much more 
lengthened transversely than the posterior. As compared with p. 2, p. 1 has undergone, 
as it were, a lateral pressure, In which the various parts of the surface have been forced 
into a more transverse direction. This is apparent, especially in the strong cusp (G) 
separating enamel folds h and c, which is no more longitudinally directed as in p. 2 
but has likewise assumed the form of a crescent with its convexity projecting 
inward into enamel fold b, and forming externally the inner margin of enamel fold c. 
The latter has in its turn assumed a more transverse direction, and is only incompletely 
shut out from the outer border of the tooth by a blunt enamel tubercle (5), occupying 
mainly the postero-external part of the tooth. The summit only of this tubercle is 
slightly worn. 

The inner border of p. 1 is more distinctly divided than in p. 2 into two abraded 
cusps by a vertical groove, manifesting itself on the triturating surface in the shape of 
a short enamel fold, or notch (a). 

The levelling effect of trituration — favoured by the enamel folds in both teeth being 
more or less completely tilled with cement, — together with the more transverse direction 
assumed by the folds and cusps of p. 1, tends to produce a lophodont character of its 
triturating surface; or rather, wc have a selcnodont type leaning towards lophodonty. 

3. Tihutomytt visenocicnsis, from the Allier (France). Br. Mns. 31094 (Bra yard Col- 
lection). — A detached tooth (PI. 36, tig. 12) is more worn still than that just described, 
as revealed by its triturating surface being more flattened and the enamel folds more 
narrowed. It can only he cither p. 1 or m. 1. P. 3 is quite out of the question, as, to 
judge from its alveolus, it was a very small tooth ; p. 2 is reduced in its antero-external, 
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in. 2 in its postero-external portion (compare fie'. 19, PI 36, with fig. G) ; so that the choice 
remains only between p. 1 and m. 1. It resembles closely the p. 1 described; only it is 
narrower, and the anterior lobe of the latter is more developed in its internal portion, 
although the inverse was to be expected, the p. 1 described being less worn. For these 
reasons l think it more likely to be m. 1. This tooth shows two small roots on the outer 
side; on the inner side the crown gradually thins out downward into a single large root. 
It cannot be a milk-tooth, because the two small external roots do not diverge downwards, 
but run parallel with each other. We have here another proof, if one were needed, that 
iu Tiiininniijs tlseiioriciisis the upper teeth are provided with roots; although this fact 
has been denied with regard to this species of the Lower Miocene. 

hhuul/hiihtr teeth of THauoiuys cixei>oriei/sin. — As a characteristic feature of the lower 
cheek-teeth of T. visenortensis, II. v. Meyer makes mention of a small posterior lobe, 
calling it a distinct posterior appendage (“ ein deutlieher llinteransatz ”) *. About the 
occurrence of this small particle much uncertainty prevails. When establishing the 
genus, in the paper just quoted, II. v. Meyer mentioned it in a general way as present iu 
the lower cheek-teeth, seemingly implying that all of them were provided with this 
appendage. In his posthumous memoir, however, speaking again of the Weisenau speci- 
mens, he says that it occurs on the posterior cheek-teeth and would have disappeared by 
effect of attrition +. Pomel assigns it to the three posterior cheek-teeth of “ Lugodus 
picoidcs ,” adding that it takes its origin from the internal angle, that it is more evident 
especially in the last molar and disappears rather late by attrition J. 

According to Gervais § it would occur only on the fourth tooth (m. 2), and as a character 
of young specimens : the same is stated by Filhol ||, u ho had at his disposal a considerable 
number of lower jaws. Sehlosser*” styles it a third lobe occurring as an anomaly 
(“ abnorm Yorkommend ”) in “in. 3’’ (meaning m. 2) of Titonomys ciseiiorieiisis; 
although in the same memoir he figures manuscript drawings by II. v. Meyer, where 
it is shown in two molars. This same small lobe occurs in Pahzolagits also; it is 
transitional in one species, I\ Ihnjdeni, as described by Cope**, apparently persisting 
in another species, P. triple, r +f. On a former occasion I incidentally pointed out the 
interest attached to it from both a pliylo- and ontogenetic point of view 

As to the occurrence of this small lobe or cusp iu T. ctxeuocieusis, my own observations 
tend to show that it is constantly present in young specimens, not only of the posterior, 
but also of the anterior lower teeth, including p. 2. In a fragment of a right 
mandibular ramus of T. riaeuov/ciisis from the Allier (Bravard Collection, Br. Mus. 
31091—104), PI. 37, fig. 25, exhibiting the two anterior cheek-teeth, p. 1 and p. 2, in a 

moderate stage of wear, traces of this lobe are visible in both these premolars, very 

distinctly in the posterior (p. 1). 

* Xeucs Jalirb. Is43, p. 300. t l’nlsrontogr. xvii. p. 22G (18704. 

+ Cat, moth. p. 41 (1S53). § Zool. ct l’al. Franc, see. ed. p. 50 (1S50). 

|] Ann. 8c. fieol. s. p. 27 (1870). * Paheontograph. xxxi. p. 32 (1^4). 

**' ‘ The Ycrtebrata of the Tertiary Formations of tho West, p. S 7 0 (1SS3). 

It Op. cit. p. SSI . tt Proc. Zool. Soe. London, p. 203 ( 1S03). 
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It has been found convenient to give the detailed descriptions of the lower molars of 
this and all the other genera in a separate chapter (p. 473). 

Titanomys Fontanxesi. 

Lagodus Fontannesi, Dcperet, Arch. Mils. Lyon, iv. p. I '.17 , pi. xiii. figs. 19-19 c (1887). 

Lagomys ( Lagojtsis ) vents, Schlosser, Pal. Oestr.-Ung. viii. p. 86 (1890) ; Deperet (?), Arch. M us. Lyon, 
v. p. 57 (189.2). 

Under the name of Lagodus Fontamtesi , Dcperet described a fragment of an upper 
jaw, from the Middle Miocene of La Grive-Saiut-Alban (Isere), as related to Titanomys 
visenoriensis, II. v. Meyer; but, in addition to its larger size, he distinguished it by other 
more important characters. 

Schlosser has supposed, without assigning reasons, that Lagodns Fontamtesi , Dep., is 
synonymous with Lagomys ( Lagopsis ) rents. Hens. { = Ijayomys tniittgensis, n. v. Mev.), 
and Dcperet, in his second publication on the Fauna of La Grive, is disposed to accept 
Schlosser's views. It may be asked at once, what then becomes of the left palate, 
figured and described by Dcperet in his first memoir*, where he considers it, rightly in 
my opinion, to belong to the Lagomys rents. As this question will be discussed under 
the head of Lagopsis vents, when it will be shown that Deperet’s original view in 
distinguishing between “ Lagodus Fontannesi ” and Lagomys rents is the correct one, 
we have for the present only to deal with Deperet’s first memoir, in which “Lagodus 
Fontamtesi” is described, and where be asserts that it is distinct as a genus from 
Titanomys visenoriensis of the Lower Miocene. 

For this Dcperet gives two reasons, hi the first line be maintains that his Lagodus 
preserves in its adult dentition part of the characters of the deciduous dentition of 
Titanomys visenoriensis, meaning that in the latter the milk-teeth alone are rooted, 
while in the former the permanent cheek-teeth are rooted as well. 1 have already 
disposed of this supposed difference, by showing that the permanent teeth of Titanomys 
visenoriensis are like wise rooted. 

Depbret’s second reason is given in the following words: — “ Le Lagodus Fontamtesi 
se distingue d’aillcurs facilement du Tittiuomys visenoriensis .. . par quelqucs differences 
dans les dcssins d’email qni ornent la surface de la couronue ” (7. e. of the upper molars). 
u D’apres M.Filhol, le lobe postericur des molaire.s superieures du Titanomys d’Anvcrgne 
est orne d’un double pli en chevron entourant une pointe externe; dans le Lagodus de 
La drive il y a trois plis en chevron coneentriques et pas de pointe exterieurc hien 
manifeste ”f . 

The enlarged figures of the triturating surface in the teeth of “Lagodus Fontamtesi ” 
and Titanomys riscnorieusis do not help us, as they are sadly inaccurate. The artist who 
drew the former £ completely failed to understand the pattern ; while in Filhol’s enlarged 
drawings § the artist has not even made an attempt at accuracy, contenting himself 
with drawing the outlines of the teeth, and leaving out almost completely the details of the 

* Arch. 31us. L}on, iv. p. 104, pi. xiii. tig. 17 (ISsT). 
t 0[>, at. p. 12s. i Oj). cit. pi. xiii. tig. 10 h . 


*§ Op. cit . pi. iii. tig. 15. 
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crown’s surface. In the figures which I give of the teeth of both forms*, no essential 
difference is to be seen in the pattern. The disagreement in the description of the two 
writers finds its explanation in the somewhat loose way of describing the triturating 
surface, /. e. by the failure to distinguish between a dentine surface bordered by two enamel 
ridges which alternates with an enamel fold filled with cement, so that only the two 
enamel borders of the fold appear on the surface. As an outcome of this alternation we 
tind, when proceeding from the inner side of the tooth to its outer side, the following 
succession in the middle line of the tooth : enamel ridge ; dentine ; enamel ridge ; cement ; 
enamel ridge ; dentine; enamel ridge ; cement; enamel tubercle of the outer side. 

Apparently the two writers do not always apply the term “chevron” to the same 
thing. Filhol, speaking of the “ deuxieme element ’’ of the tooth, by which lie means 
the part of the crown backward from the anterior lobe, his “ premier element,” says : 
“ Chez les Tihuiouii/s, on pout 1c considerer comme constituc par nn chevron a sornmet 
interne, dont les deux extremites eirconscrivent line poiute externe. Ce premier chevron 
est borne eu dedans par nn deuxieme chevron dont le sornmet correspond au bord interne 
dc la dent. Cc mode de structure est surtout bicn marque sur la troisieme molairc”t. 
This description, which is quite correct as far as it goes, applies equally well to the 
species of the Lower and to that of the Middle Miocene, as may he seen by a com- 
parison of the figures (Pis. 36, 37, 39); by consulting the figures it may hi* further seen 
that what the author calls chevrons arc the spaces of dentine bordered by enamel ridges, 
which spaces mark the position of enamel cusps before wear set in. 

Depcret, in describing the same “ troisieme molaire,” Lc. the posterior of the three 
premolars, of Luyodtts Fontunncsi, says : — “ Cette eouronne se compose de deux prismes 
d’email etvoitement accoles, un pen niieuxdistinctsen dehors quo du cote interne, qui est 
de forme arrondie. Lc prisme anterieur [Filhol’s premier element] est compose d’un 
seal pli d’email transverse; lc prisme postdrieur au contraire, a surface triturante coupce 
obliquement en arriere, presente deux plis d email eu ehevrou a poiute interne, ce qui 
dessine sur la eouronne trois petits croissants eon cent riq ties, si l’on compte la lamellc 
d’email qui limite lc bord interne dc la eouronne 

It is certainly not accurate to describe the single cylinder of which these upper teeth 
consist as composed of two enamel prisms “etvoitement accoles.” Apart from this, 
Deperet’s description, like Filhol’s, applies to both Luyodus Fonhutncsi and THunomys 
oiseiwvicnsis. By “ deux plis d’email en chevron a poiute interne,” the author evidently 
has in view, firstly, the larger, internal, of the two enamel folds ; secondly, the crescent- 
shaped cusp (G) external to it, w hich by the effect of wear presents a dentinal surface 
bordered by an outer and an inner enamel ridge. By counting, moreover, the enamel 
border of the internal side of the crown, Depcret arrives at the number of three “ petits 
croissants concentriques,” which on the following page are called “ trois plis en chevron 
concentriques.” Filhol leaves out of account the enamel fold by which his two chevrons 
arc separated. 

* PI. 36. figs. IS, 19; PI. 37. fig. 11; PI. 39. fig. 10 (Titanouyp vmnoriensis). PI. 36. figs. 6-8. 1 2-1.7 
(T. Fontumii’si). t Op. c!t. j>. an. + Oji. at. p. 127. 
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As a. result of this minute analysis we find that there exists no essential difference in 
the tooth-pattern of the two supposed genera. 

The roots of the Tit a »omt/s-mo\ars have next to he described. I have elsewhere dealt 
incidentally with the conditions in Titanomys (La-god hs)* . I was impressed by the 

fact that the chief points of wear are on the inner side in the upper, on the outer in the 
lower molars, and that those parts are the first to appear lengthened (vertically) in 
teeth in a condition intermediate between brachyodontv and hypsclodonty, while the 
outer sides of upper, and the inner sides of lower molars remain, as it were, in a passive 
condition (for upper molars of Titanomys see PL 39. figs. 1, 2, 5, 13, 1 f, 19). It then 
appeared to me that the upper teeth of Titanomys showed the hypsclodonty — which, 
as above' demonstrated, is here in fact “ accompanied by a gradual and essential change 
of the pattern of the crown ”f — to extend gradually towards the outer side. In the 
description of the pattern of the Protag/is-uiohux (pp. 45*2, 153) I have reconsidered my 
former view, and have been able to show that the obliteration of the original pattern is 
chiefly the consequence of an atrophy on the outer side ; whereas the secondary pattern 
is brought about by a new addition, starting from the inner side and directed chiefly 
intern'd. It remains none the less true “ that the vertical elevation of the crown, the 
first stage towards hypsodonty, always has its starting-point from the inner side of 
upper molars”*. I added at the same time that “the inner root (of the upper molars) 
which ultimately will remain open, gradually extends outward, increasing in size, and 
receives a coating of enamel ”§. It is against this latter assertion especially that the 
Rev. Pore blende has directed a criticism, couched in energetic terms [|. When he 
begins by saying that I had not demonstrated my assertion, he is perfectly right; but I 
had at the time no other intention than to assert, reserving full demonstration for a 
work on the Lagomorpha under preparation, as intimated on p. 20's. 

The Rev. Pore’s arguments are to the effect that the roots of teeth cannot be imagined 
to receive a coating of enamel, because brachyodontv “ cst un arret do developpement, 
uue fixation par cessation de mouvement, tine deterioration du fut transforme en racine. 
Conseqneinment, la dent ne pent revenir a son mouvement initial.’’ In order to 
demonstrate that “ logiqnement ” hypsclodonty is more primitive (“ plus ancieu ”) than 
brachvodonty, and that “ reellement ces deux faits sout phylogoniquoment independants,” 
the Ilev. Pore adduces the incisors of Rodcnlia. “ D’autre part tontes les incisives des 
Rongeurs dtant essentiellement hypsodontes et a toutes les epoqncs, an point qu’elles 
emportent la definition de l’ordrc, il faut admettre qu’clles n’ont pas varie, qu’elles out 
un caractere commun fixe, et qu’a ce t i 1 1 *( * Thypsodontisme est plus general quo le 
brachyodontisme.” 

It is not hypsclodonty, as such, which is the more primitive condition, but the 
o-rowin"- of a tooth bv a persistent pulp. And. since hypselodont teeth continue to 
grow by persistent pulps during the greater part or the whole of the animal’s life, 

* Troc. Xool. Soe. London, 1S[)3, p. 206. t Ik 4 II. § L. c. 

II i YLctnoires coucernaut l'llist. naturellc de 1‘Eropire Illinois. par des Pores de la C'ompagnie de Jesus,’ f . io. 

p. 75 (ISOs). 
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they may, in a sense, be termed primitive ; but, as a matter oi course, brachyodont 
and semihypselodont teeth, before they are perfectly developed, have the cavities at 
their bases open as well as hypselodont teeth ; and when they are in this condition, 
their hrachyodonty is not yet “ un arret de developpemcnt.” Ontogenetically and 
“ togiqnemeut," every hypselodont tooth passes through a. brachyodont condition, the 
shaft only gradually increasing in length. Pin logenetically, hrachyodonty is also more 
primitive than hypselodonty, as is known to all scientific morphologists who have a 
knowledge of palaeontology. 

On PI. 39. tigs. 19 and 20, 1 have delineated side by side in the anterior view a 
posterior upper right premolar, ]>^ 1, of Titonoivys Fuji tan nest — the same specimen 
of which the upper view is ligured on PI. 36. fig. S — and an upper right molar of 
a young Pterovnjs, in which the roots are not yet closed. Fig. It represents the 
anterior view of a right upper molar of Tit. cisenociensis, figured in upper view on 
PI. 36, fig. IS. Xow, if we are entitled to call roots, even though they be 
imperfectly developed, the three prolongations of the crown in Pteronu/s (fig. 20), 
I think we are justified in applying the same term to the evidently homologous 
parts in the figured teeth of Titaaonnj s (cf. figs. 14 and 19, and figs. 1, 4, 5, and 13), 
and in repeating what I have said formerly *, that the inner root of Titunouvjs , which 
ultimately will remain open, increases in size and receives a coating of enamel. 

Even perfectly adult brachyodont teeth preserve at their extremity a minute 
opening for the passage of nerves and vessels, so that it may bo left to individual 
judgment at which phase in the ontogeny or phylogeny of a tooth we may begin 
to use the term “ root." Having no desire to juggle with words 1 would, be 
quite ready to desist using this term for the part of the tooth of Titanomys which 
is the homologue of the inner root of Pteromys ; but thereby nothing would be 
altered. The question at issue is, whether or not a coating of enamel has extended 
to that part; and that this has been the ease is shown plainly enough by the figures. 

It is interesting to compare the tooth of Tit. cisenociensis (fig. 11) with those of 
Tit. Fonfannesi (figs. 1, 13, 19). The small outer roots arc perfectly closed in the 
former and more detached from the shaft than in the latter. The tooth of the 
former, as shown by the upper view (PI. 36. fig. IS), is from an old individual; but in 
none of the numerous upper premolars or molars of Tit. Fonfannesi have I met with 
closed outer roots. The coating of the enamel does not extend so far downward on 
the inner side in Tit . cisenociensis as in Tit . Fonfannesi. 

A further difference between the Lower and the Middle Miocene species is also 
characteristic. In the former (PI. 39. fig. 14) the external part of the crown extends 
more outward than in Tit. Fonfannesi, beyond the small roots ; this character has 
been already noticed and explained in the description of the triturating surface, as 
due to the atrophy of the outer region being less advanced in Tit. cisenociensis than 
in the more recent species. 

To proceed now to a closer examination of the small outer roots of the upper moiars 
and premolars of Titanomys. In a passage, quoted above, p. 440, from H. v. 

* Proc. Zool. 8oc. London. 1893, p. -0G. 
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Meyer’s posthumous description of the Bott skeleton, mention is made of upper molars 
of Titanomys found isolated, but only one small outer root is ascribed to them. 
I likewise find that the anterior milk-tooth, <1- 3, of the Bott skeleton has one 
small outer root. Almost all the isolated teeth at my disposal, of both species, 
exhibit two symmetrical outer rootlets, which represent the lower free terminations 
of two prominent ridges on the upper outer region of the tooth, as in the figured 
deciduous tooth of Lepits PI. 39. fig'. 0, b), with the difference that in the latter the 
posterior part of the first appears higher, and the ridges, therefore, more lengthened 
than in Titanomys. The ridges, of which the outer rootlets are the lower termina- 
tions, are present also in molars and premolars of all Lagomorpha growing from 
persistent pulps. Pigs. 7 and 8 (PI. 39), representing germs of the first upper true 
molar of a rabbit, show them in side view (at the right side of the figures). 

In a left upper jaw of Tilonom ys For/fainicsi the roots of the cheek-teeth are 
described in the following manner by Deperet : — “La disposition des racines est 
aussi tres partienliere, et differe de ce quo Ton voit ehez les Leporicles pour se 
rapprocher d ’a litres groupes de Rongeurs tels quo les Spermophilcs. Chacune des 
quatre dernieres molaires portc trois racines, dont une interne grosse, ovalaire trans- 
versalement, et deux externes relativement tres petites et arrondies. L’alveole de 
la premiere molaire est petit et rond : il annonee une molaire uniradieulee et a 
eonronne assez petite ” *. 'i’he figure of the specimen f shows the empty alveoli of 
p. 2 and m. 1, so that the mode of disposition of the roots in the jaw can be seen. 
Deperet’ s description is confirmed and supplemented by the figure which I give 
(PI. 36. fig. 23) of a left maxillary from which the teeth have dropped out. 

P. 2 of Til. riscnocicnsis, the anterior lobe of which we have seen to be somewhat 
reduced antero-extemally (PI. 36. fig. ID), as compared with the posterior teeth, has 
only one outer rootlet (PI. 39. fig. 5«) ; in the place of the antero-external rootlet 
it displays a curious conformation, which gives at once a clue to that of the rootless 
molars of the other lagomorphous genera, and explains why the upper teeth described 
by H. v. Meyer have one outer rootlet only. There is no free antero-external radicle 
to this tooth ; but, as seen in the side-view (fig. 5 a, PI. 39), a raised ridge runs along 
its antero-external side down to the bottom, where, as shown in the lower view of 
the tooth (fig. 5, b), it is confluent with the lower opening of the large inner root, 
the homologuo of the widely open cavity in the genera ( Lagopsis . Prolog its, Logon/ ys, 
Lop-os') with rootless teeth. 

To judge lrotn its alveolus, p- 3 of Titanomys Foutovnesi was more like p. 1 and the 
true molars, than p- 2 ot Til. visci/oncns/s. 

Pic,'. 2, PI. 39. represents (o) the anteiior, and (b) the outer view, of the last upper 
molar, riaht side, of Til. Fontoin/csi , the upper view of which has been figured in 
PI. 36. fie. G. Both outer rootlets are broken off, but they seem to have had a free 

* Chalks PqiiVct, “ Rci-h. sur la Secession <ks Fauius de A’cit. Miounus, etc.," Arch. JIus. Hist. Nat. Lyon, 
t. iv. i>. 171 (18871. 

t Op. cit. pi. xiii. fig. 1!). 
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termination like the teeth anterior to them (figs. 1, 13, 19). The outer view (b) shows the 
whole of the outer side devoid of enamel. 

The levelling effect of trituration tends to produce a more lophodont character of 
the crown. In an unworn condition, however, these teeth present a mueh more 
bunodont appearance, and it requires a very small effort of imagination to trace them 
hack — conspicuously so the intermediate in the series, which are more typical — to a more 
hrachyodont as well as bunodont form, in which the predominant feature is that the 
cusps, while the intervening enamel folds would appear as shallow valleys, are not yet 
tilled with cement. IV c meet with such hrachyodont types in the Eocene (classed as 
Creodonts and Lemuroids) ; more than any other, the Eocene “ JPelycodus hetveticus 
Piiit.,” and Plesiadapis , both so-called Lemuroids, show teeth in close agreement with 
Titanomys. Let, vice versa , a hrachyodont molar of the shape of “ Pefycodus, 
hclvcticm” (PI. 36. fig. 3) or Plesiadapis (PI. 36. tig. 2) become somewhat more 
hypselodont by the heightening of its shaft, and let the valleys between the cusps be 
filled with cement, and the result will be a Titanoiuys-tooth.. This I had in view when, 
on a former occasion *, I stated that the structure of the lagomorphine molar can 
be traced back to a “ pelycodoid type.” 


2. Genus Puolagus. 

Layomys , G. Cuvier, Oss. foss. iv. pp. 21, 22 (1812), see. ed. iv. pp. 200, 203 (1823) ; Rud. Wagner, 
Kastner’s Arch. f. d. ges. Xatnrlelire, xv. pp. 1 1, 18 (1828) ; id. Okcn’s IsL, p. 1130 (1829) ; p. p. 
[I. v. Meyer, Neues Jalirb. 1830, p. 98; p. p. id. Foss. Saugeth. cte. von CEningen, ]). G (1835) ; 
Waterhouse, Nat. HLt. Mammalia, ii. p. 32 (1818); Lartet, Not. Colline de Sansan, p. 21 (1851) ; 
p. p. Praas, Wiirtt. naturw. Jahresh. xxvi. p. 171 (1870); Lydekker, Cat. Foss. Mamin. Brit. Mus. 
i. pp. 25G, 257 (1885), v. p. 325 (1887). 

Anoema , Konig, leones Foss. Seetiles, pi. x. fig. 12G (1825). 

Prolog us , Fomel, Cat. inetli. p. 43 (1853). 

My olu <jus, Ilensel, Zcitsehr. deutsch. geol. Ges. viii. p. G95 (185G). 

Avcluvomys , Fraas, Wiirtt. natnnv. Jahresh. x viii. ]). 130 (1SG2). 

G. Cuvier was first to recognize that some fossil remains, which belong to the above 
genus, are those of a lagomorphine Rodent ; lie figured and described them from an 
ossiferous breccia of Corsica, and later from a breccia of Sardinia, considering them 
to be a species of Layomys. 

In 1S25 Ivonig figured, in his ‘ leones Foss. Seetiles/ a skeleton from (Enin gen. 

II. v. A lever (1830) notes among the Mammals of CEningen the genus Layomys ; the 
same, according to Murchison, had been previously suggested by Laurillard f. II. v. 
Meyer further supposes that Konig’s Anoema might belong as well to tlio former genus. 

From the Miocene of Sansan (Gers) and Yencrqne (Haute-Garonne), Lartet mentions 
a lagomorphine Rodent of the size of a large rat, which he proposes to unite with 

* V. Z. 8. 1893. p. 2 OS. 

■f 1>. I. Murchison, “ Ou a Fossil Fox found at (Eningcn, near Constance," Trans Geol. Soe. London, iii. 2, 
p. L's'j 
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Layomys, on account of its having one superior molar less than the genus Leyas \ adding, 
however, that the Sansan fossil lias one inferior molar less than the existing Layomys. 

Por this same Rodent from Sansan, Pome] proposed to create the sub-genus Prolagm, 
on the ground of its differing from Layomys “ par la derniere molaire inferieure, qui a 
trois prismes par reunion de la cinquiemc molaire a la quatrieme. Du restc, la premiere 
est anssi triangulaire. On pourrait nommer 1’espece Proluyus sansaniensis.” The 
hypothetical fusion of two molars, stated here as an undoubted fact, does not stand 
close investigation, any more than in the ease of Titanomys. But to this I shall return 
in the sequel. 

An excellent description of the remains of the lagomorphine Rodent from the 
ossiferous breccia of Sardinia is given by 11 ousel. lie founds on them his new genus 
Myolagus, and points out that one of the two Lagomyiche from GSuingen, Layomys 
Jlcycri, v. Tscliudi, is closely related to the Sardinian fossil, and therefore likewise to 
be placed in the genus J Jyolayns. (It is a pity that the perfectly well-characterized 
2/yolayns has, for priority’s sake, to give way to Pomel’s “ Pro lag ns,” just as it is to be 
regretted that Pomel’s amply-described Lagodtts has to stand back before 11. v. Meyer’s 
imperfectly characterized Titanomys.) llense] refers to Pound's Prolagm *, and rightly 
observes that the characters mentioned by the latter writer recall to mind the irenus 
Myolayas ; lie considers them, however, to be insufficient lor a decision. This was quite 
true at the time when llensel wrote. It is incorrect to say, as lias been done bv 
II. v. Meyer f. that Jlensel based his genus uniquely on the form and number of the 
lower cheek-teeth and the position of a foramen mentale. Jlensel had laid groat stress 
also on the pattern ot the upper teeth a character which H. v. Meyer, as in the ease 
of Titanomys, studiously avoids discussing. 

A step backward is made by Fraas, when he figures and describes a well-preserved 
mandibular ramus from Steinheim under the name of Ardueomys steinheimensis. He 
was set right by II. v. Meyer §, who referred the supposed Ardueomys from Steinheim 
to “Layomys (J Jyotayns) Jleyrri, Tscliudi,” and in lb70 he atoned for his mistake by 
giving a full description of the Steinheim Modem in question. 

VROLAGrS CENIXGKNSIS. 

Anuenta wainyeasis, Kdnig, 1 cones Foss. Sect. pi. \. fig. L2G (1825). 

Layomys ivnlnycnsh, p. j). II. v. Me\er, Neu. -Inlirb. p. 58 (18-30). 

Layomys wnUajetms, Waterhouse, Nat. Hist. Mamnalia, ii. j). 02 (1818). 

Layomys Me yen, v. Tscliudi, in 11. v. Meyer, Zur Fauna d. Vorwelt. Fo>s. Saugeth. etc. von tEniiigen, 
p. 0, pi. ii. figs. 2, *3, pi. iii. lig. 2 (1815) ; Lydekker, Cat. Foss. Manim. Brit. Mas. i. p. 257 
(1885). 

Layomys saasaaieasis, Lartet, Not. Coll, de Sansan, p. 21 (1851). 

Prolayas sansaniensis, Foinel, Cat. metli. p. 18 (185-3). 


* 0/>. cit. p. 7 02. 
J Ojk cit. p. 81)5. 


7 Palaiontogr. xvii. p. 228 (l87<>). 

§ Neu. Juhrb. 1804, p. 1D7 ; 1805, p. 84-3. 
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Myohtyus Meyer}, Ilcnscl, Zcitsclir. dcutseh. gcol. Gcs. viii. p. 699 (1850) ; Fraas, Wiirtt. naturw. Jahrcsh. 

xxvi. p. 171, pi. v. figs. 2-10 (1870) ; Schlosser, Palaeontogr. xxxi. p. 28, pi. xii. fig. 44 (1884). 
Archceomy. s ste'mhebnensis , Fraas, Wiirtt. Naturw. Jahresh. wifi. p. 130, pi. ii. fig. 19 (1802). 

Layomys ( Myohtyus) Meyer l , H. v. Meyer, Ncu. Jahrb. p. 197 (1804), p. 81-3 (1805). 

Layomys vents, p. p. Fraas, Wiirtt. Naturw. Jahrcsh. xxvi. p. 171 (1870). 

Prolayus Meyer i, Deperet, Arch. Mus. Lyon, iv. p. 123, pi. xiii. figs 1 8-18 r (1887). 

Myohtyus saasaniensis, Filliol, Ann. Seicnc. gcol. xxi. p. JO, pi. i. fig. 8 (1891). 

Layomys [Prolayus) Meyeri, Deperet, Arch. Mils. Lyon, v. p. 55, pi. i. figs. 30, 31 (1892). 

When publishing his first note on Layomys- like Rodents from (Eningen (1830), II v. 
M ever was not aware that two rather different forms occur there; he comprises them 
both under the name of Layomys miiuyensis. Later on, in his Monograph of the fossil 
Yertehrata from (Eningen, he arbitrarily sets aside Konig’s specific name for the smaller 
form, for which he adopts a manuscript name by v. Tschudi, Layomys Jleyeri, found on 
one of the labels, while he reserves the name Layomys autiuycusis for the larger 
form. As stated before, the same author identified the lagomorphine Rodent from 
Steinheiin with the smaller form from (Eningen; and in the sequel equally those from 
several other Miocene deposits in Germany. 

On the ground of Pom el’s description of the Sansau species, Schlosser adds Layomys 
(l 3 rot ay us) sausau iansis, Pomel, to the synonyms of Jlyotayus Meyeri-, and likewise the 
Lagoinyida? from the Spitzberg in the Kies, near Xdrdlingen (Bavaria), referred to 
Layomys rents. Hens., by Fraas (1S70). Eilliol has figured as Jlyotayus saasaaiensis 
(E. Lartet) the type-specimen, a mandibular ramus, of Lartet’s Layomys sausan/ei/sis , 
and is satisfied that “cette espece, coniine on le vevra par IVxnmen de la figure grossie 
quo nous en donnons, etait tres differente de tontes celles qui out etc deerites”*. It is 
precisely this enlarged figure of the lower cheek-teeth which shows conclusively that the 
Sansau fossil is one and the same with the Prolayus species from (Eningen and Steinheiin, 
as conjectured by Schlosser and confirmed by Deperet f, who has added La Gvive- 
Saint-Albau (Isere) j, Mont-Ceindre, and Gray § to the localities ot‘ this widespread 
Middle Miocene species. 

The following descriptions are based on specimens collected at La Grive-Saint-Alhan 
by myself. 

In the genus JPro/ay its the molars are no longer rooted, and, with the exception of the 
deciduous teeth, all the cheek-teeth grow from persistent pulps. It does not, however, 
follow that the triturating surface preserves throughout the animal's life the same 
pattern. This is the usually accepted belief jj ; hut although the proofs to the contrary 

* Ann. Sc. Gcol. xxi. p. 47, pi. i. fig. 8 (1891). 

t Arch. A1 us. Lyon, v. p. 57 (1892). 

X Op, cit. iv. ]». 107 (1887). v. p. 50 (1894). 

§ Op. cit. v. p. 57. 

Sec, e. y.. Giebel. in Bronn's * Klassen und Onlnungen des Thierreiclis,’ vt. v. p. L>2 (1875), where he treats of 
the Bodentia with laminated tcetli (“ Blatterziihne ”), including the Lagomorpha. He says of them: 44 Die 
Kau il lichen dieser Zahne andern ihre Zeiclmung (lurch Ahnutzung nicht.’’ lie might have known better, at least 
as regards the Hares, from what llilgendorf had said ten years before (Moiiatsber. K. Breuss. Akad. d. Wissenseh. 
Berlin, 14 De/,. 1805, p. 073) respecting the upper grinding-teeth of young Hares. 
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are not in all cases so evident, and so surprising- at the same time, as in the group under 
consideration, or as in Geomyidae *, or Hoplodoitlia f, it is nevertheless a fact that neither 
in Rodents nor in Mammalia generally is the surface of the crown absolutely identical 
throughout its length ; although in many of them we may speak of a relative constancy 
of pattern. 

Ilcnsel, in the description of the upper teeth of Prolagus, has overlooked this 
circumstance, and as a result lias in one ease wrongly interpreted the tooth-structure. 
This occurs in the description of “ Jlyo/ayits sard us ; ” $ hut, since Frans has endorsed 
Hensel’s error in his description of Prolagus a'liiuyeusis (Ivon.) (“ Myolagus Meyer i ”) §, 
which dilt'ers very little from the former, we shall have to deal with the argument in the 
present description as well. How little both Hensel and hr a as were aware of the change 
of pattern depending on the age of the animal is shown by the way in which, for 
convenience sake, they studied the tooth-crown. Hensel does not figure the natural 
surface of attrition, but gives transverse sections of it ||; while Fraas declares that it is 
more convenient to examine the teeth from the inferior side, meaning the open alveolar 
end of the shaft ! 

Pig. 21, PI. 36, represents the four upper grinding-teeth of Pro! ay us am hay arsis in a 
rather worn condition. Both the upper true molars, the fourth and fifth in the series, 
those teeth which in Tiianowys exhibit a beginning of reduction on the postcro-external 
side, have undergone in Prolagns wniiujensis a considerable change as compared with 
the same teeth in the former genus. Of the two more or less crescentic enamel folds 
of Tilauoniys, only one, apparently the inner, persists, in the form of a very small 
enamel islet in the posterior part of the triturating surface (0). The notch of the internal 
side (a) has been transformed into a transverse enamel fold, which, as we shall find to 
be likewise the case in Lagomys and Lepns, approaches the outer side of the tooth. The 
enamel lining of the outer side, partially interrupted in the postoro-external corner of 
m. 2 of TiUtnomys , is almost entirely missing in the external border of both the molars 
of Protayns (and of its posterior premolar as well). In other words, the outer parts of 
the crown, those which arc the least aifected by trituration, have degenerated in conse- 
Cjuonce of disuse; and we might be inclined to assume that compensation has been 
effected by the transverse fold penetrating towards the outer part. But this is not, to all 
appearance, the exact explanation of the phenomenon. The triturating surface in the 
tooth of the young animal — in the part of the shaft which is the earliest formed — is 
more square than in the adult; in the latter, it presents the well-known narrow 
transverse shape of the lagomorphine upper molar. If we remove one of these teeth 
from its socket and examine it from the anterior or posterior side, it can be seen that, 

* ( . Hart Merriaui, 4 Monographic Revision of the Pocket Gophers. Family Geomyidie ’ (North American Fauna, 
no. *), pi. 10 (1*95). 

t Proe. Zool. Sue. London, p. TOO (1*97). 

+ Zeitschr. deutsch. geol. Ges. viii. pp. 090. 091 (1*50), 

§ Wiii tt. uaturw. Jaliresh., xxvi. pp. 174, 175 (1*70). 

1 “Die B ickenzaline Mild stets senkrecht 211 ihrer Axe angesehliffen worden, daher siiul die Abbildungcn 
cigentlich eine Aneinanderreihung der einzeluen Querschnitte ” (/. c. p. 7013 ). 

• Op. at. p. 17o. 
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wliile its outer border maintains throughout its height almost a vertical direction, or is 
even concave, the inner part of the tooth slopes down medially, from below to above 
(taking into account its natural position in the maxillary). The tooth, therefore, as it 
continues to grow, extends persistently in a transverse direction ; but this growth takes 
place chiefly, if not exclusively, towards the internal side ; so that the transformation of 
the internal notch of the Titanomys-tooWx into the transverse fold of the true molars 
of Prohnjus is not the result of its extension outward but inward. In other words, 
new formation takes place in that part of the tooth where there is increased work, 
while the outer part — that which is scarcely or not at all affected by trituration — not 
only remains stationary, but even becomes atrophic. 

On the other hand, since in the more specialized forms, beginning with Proluyns 
sard ns (PI. 36. tig. 24), the transverse enamel fold reaches almost the outer side in the 
true molars, it is very possible, and even likely, that secondarily a slight extension 
out icanl of this transverse fold takes place; although the outer border of the tooth 
is nearly functionless, its condition, almost devoid of enamel, would nevertheless effect 
a too rapid wear of the dentine if some compensation were uot ensured. 

The posterior of the three premolars, p. 1, situated between the first molar and the 
second premolar, is intermediate in shape as in position. Both the crescentic enamel 
folds of Titanoa/ys are preserved in this tooth in the shape of central enamel islets, a 
much larger internal one ( b ), with an elongate anterior horn, and a smaller outer 
one (c) (tig. 21). The transverse fold (a) which opens on the inner side is much 
shorter than in the molars; it is scarcely more than an elongate notch. To put it 
otherwise, as compared with the molars, p. 1 presents less reduction in its external part, 
and less new formation in regard to the transverse fold starting from the inner side. 
Exactly the inverse is apparent when we compare p. 1 with the tooth in front of it. 

This latter (p. 2) has triangular contours, with the apex internally, a shorter, slightly 
convex anterior, and a longer posterior side ; as a consequence, its outer border runs 
obliquely. In its pattern, this premolar strongly resembles the Tltanomijs-tec th ; instead 
of a transverse enamel fold we find in it a short notch (a) on the inner side, as 
iu Titanomys ; while almost the whole of the crown-surface is occupied by the two 
crescentic enamel folds (b and c), with an indication of a minute third one — equally 
marked in Titanuinijs — on the antero-cxternal corner. The latter is more distinct in 
younger specimens of Pro lay us icninyeusis (El. 36. fig. 10, p. 2). The enamel folds 
alternate with crescent-shaped, pointed cusps. 

On comparison of p. 2 with p. 1 it becomes at once clear that the main difference 
between the two consists in the circumstance that the crescentic enamel folds in the 
former have become reduced to the condition of enamel islets, their communication 
w ith the autero-external margin of the tooth having ceased. When describing p. 1 of 
Prolayu a sard us, in which, as a comparison of our figures shows, this tooth (tig. 24, p. 1) 
is almost identical with its homologue in P. icninyensis, llensol labours under a strange 
misconception. lie says : — “ Das Merkwuvdigste aber an dem Zalm sind zwei isolierte 
Sclnnelzcylinder. Sie bclinden sich in dem ausseren und hinteren Yiertel dcs Zahnes.” * 

* Op. cit . p. OOU. 
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After describing these enamel cylinders accurately, lie continues: — “ Der Inhalt dieser 
beiden kleinen Cylinder ist ganz gewiss Zahnbein, obgleich cine mikroskopische Unter- 
suchnng nicbt angestellt wcrden konnte. Man sieht aber an dem AVurzclende des 
Zahnes die beiden Cylinder, sowie den ganzen Zahnevlinder, hohl, daher sie auch wic 
dieser sicb spate r wohl mit Zahnbein fiilleii wcrden. AViv habeu bier ein Beispiel einer 
Zahnbildnng, die lusher noch nicbt beobachtet wurde. Denn bier ist nicbt eine Yer- 
ciuignng einzelner Cylinder zu eiuem Ganzen wie bei den sogenannten zusammen- 
gesetzten Zalincn, sondern eine Einscbacbtelung “[inclusion]” zweier einzelner Zabncben 
in einen gros«en.”* 

It seems strange that so accurate an observer should not have perceived at once that 
the islets (“ isolierte Sehmelzeylinder ”) of p. 1 are the homologucs of the two enamel 
folds which, on the preceding page, be bad described in the anterior tooth (p. 2) ; and 
that an enamel fold whose central part dips vertically, and deeper in the shaft of the 
looth than the peripheral, generally becomes by attrition reduced to a central islet This 
is a phenomenon of the most common occurrence in teeth of all Mammalian orders. 
Ilensel’s misconception is intelligible only from bis apparently not being aware that 
teeth growing from a persistent pulp, like the brachyodont teeth, though only to a 
certain extent, arc liable to changes in the pattern of their triturating surface. 

As a matter of course the enamel islets of p. 1 are tilled with cement, as are the 
enamel folds of the anterior tooth. The argument adduced bv llensel goes for nothing, 
as not only the dentine, but also the cement is always missing in the root-ends of these 
teeth, both substances being not yet developed in these younger stage's. 

As mentioned on a preceding page. Trans has endorsed llensel’s statements, when 
describing the similar-fashioned p. 1 of /’. (t‘nhnjntsis. He is, besides, of opinion that 
the deciduous teeth furnish the explanation of the conformation of p. 1: — “Die 
Betrachtung der Milchziilme wirft auf diese in der That von alien bekannten Zalinen 
abweichcnde Bildnngswei.se ein Licht.”f A supposed extraordinary phenomenon calls 
for an extraordinary explanation, and this he gives when describing the deciduous 
teeth £. lie means to say that there is a connection between the roots and the enamel 
folds, inasmuch as the cylindrical roots are included in (or by) tbe tube composing the 
whole tooth, as it were, nested in it (“ eingeschachtelt ") — just as we should speak of 
willow-boxes nested one into the other — the folds appearing on the surface of attrition, 
according to this theory, being but the upper ends of the cylindrical roots ! The only 
thing which tbe author thinks remarkable is the fact that the central folds, which are in 
connection with the roots, are present as well in the permanent teeth which are. devoid of 
roots. At the bottom of this singular theory lies, first, the author’s initial statement, to the 

* Op. cii. p. 001. t Op. ext. p. 175. 

+ Op. cit. pp. 177, 17s. 4 * Die Falten. . . .die auf der Kaufliiehe d cs Zalnis zu Tage treten siiul uiclits anderes, 

als die oberen Enden der in die Zahnluichse eingesclia elite] ten Wi rzelcvlinder. Sehcn wir somit an den ITilch- 
backenzahnon auf deren Oberflache 8 dim el z falten zu Tage treten. avo die Wurzeln sieh vereinigen, so begreift sich 
dieser Falten sehlag lcicht. Das Eigenthiimliclie ist nur, dass sicb die inneren, mit den AVurzeln zusanimenhangenden 
Falten aacli an den permaiienten Ztihnen zeigen, die iiber ihre ganze Dauer wurzellos sind. Es ist diess, so zu 
sagen, die Ecbcrtragung eines Jugendzustandes auf das Alter. . . .* etc. 
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effect that the roots of the deciduous teeth of Prolui/ns have a coating' of enamel : “ sie 
bcstehen geuau aus derselbeu Schmelzmasse, wie die Zahnbiichse selbst, die das Zalmbein 
umgiebt ” * ; and secondly the fact that in some instances he seems to have mistaken 
for roots what in reality are the tube-like lower terminations of the enamel folds. 

In the first tooth of the upper series (p. 3, PI. 36. fig. 21) the two enamel folds are 
also present ; they penetrate into the surface of the crown from its anterior side 
and run in a longitudinal direction. The anterior border (‘ - wall ”) of the triturating 
surface, already slightly shortened in p. 2, is still more shortened in p. 3, being reduced 
to a short longitudinal stump on the antero-internal corner. 

Prom what has previously been stated, we are prepared to find, in different stages of 
attrition of these upper teeth, some difference in the pattern ; tin’s is, in fact, what takes 
place. The enamel islet of m. 2 has disappeared in old specimens ; and such is the case in 
the specimen figured hv Praas f. The enamel islet of m. 1 varies in size according to 
age, being larger in younger specimens. The same holds good with regard to the two 
enamel islets of p. 1. 4Ye anticipated that in young stages of this tooth the enamel 
islets would have the shape of enamel folds opening freely on the margin of the tooth, 
as is the case in p. 2. This is, in fact, what happens in young specimens of the following 
species (P. sctvdn •>•). Of P. cenimjensis 1 have no very young examples. 

P. 2 varies little with age; the notch on the inner side is more distinct in comparatively 
young individuals, and there is shown in this stage (fig. 10) a third very small enamel 
fold in the postero-external corner of the tooth, which soon disappears by attrition. 

Deciduous upper teeth of P. oeningensis. — Praas has figured the three deciduous upper 
cheek-teeth in situ + ; he scarcely describes their pattern, contenting himself with the 
statement that the anterior one is well provided with folds (“ faltenreich ”), and that it 
presents much resemblance to the second of the permanent dentition §. 

I have only detached upper deciduous teeth, five in number. Two of these are in the 
British Museum, under M5237, from my collections. The anterior milk-tooth (d. 3) is 
not represented among these live detached teeth ; according to the figure of Praas, and 
to what I know of the same tooth of P. surd us, it has triangular contours; while the 
detached teeth at my disposal arc squarish oblong, almost tetragonous, their transverse 
diameter slightly exceeding the longitudinal. They show ( L*l. 36. fig. 29) an internal 
notch and two enamel folds, the latter opening freely on the outer side. The internal of 
the two folds ( b ) has the form of a crescent and is the larger of the two. The roots 
are three in number; the outer two very minute, the inner single one considerably 
larger; the former run parallel with each other, but not with the odd inner root, which 
strongly diverges from them inward, while they diverge outward (PI. 39. figs. 21, 22). 

Puoi.au us sakdc.s. 

Layounjs snrdits fossilis, Rud. Wagner, Oken’s Isis, p. 1136 (1829). 

Lagomys Jbssilis, Id. op. cit. p. 1139. 


* Iu tills there is some truth ; see above, pp. 440, 447. 
t Op. cit . pi. ii. rig. 6. + Op. cii. pi. ii. fig. 14. 


§ P. 177. 
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Lagomys corsicanus, Itncl. Wagner, op. eit. p. 1139; Giebel, Fauua cl. Yorwelt, i. p. 99 (1847) ; Gervais, 
Zool. et Pal. franc., first cd. p. 32 (1848), second cd. p. 50 (1859); Lortet, Arch. Mus. Lyon, i. 
p. 53, pi. 8 (1873). 

Mgo/agus sardus, Hensel, Zeitsclir. deutsch. geol. Gcs. viii. p. G95, pi. xvi. figs. 7, 8, 11 (185G); Forsyth 
Major, Atti Soc. Ital. Milano, xv. p. 390 (187,3) ; id. Ivosmos, vii. (vol. xiii.) pp. G, 7 (1883). 
Lagomys (M going as) sardus, Sclilosser, Palceontogr. xxxi. p. 29 (1884). 

Lagomys sardus, Lydekker, Cat. Foss. Maram. Brit. Mils. i. p. 25G (1885), v. p. 325 (1887); Sclilosser, 
Pal. Ocstr.-Ung. viii. p. 8G (1890). 

This Pleistocene species, which is somewhat larger than its (Middle (Miocene forerunner, 
closely resembles the latter in its upper molars, as the comparison of the figure shows. 
However, the specialization of the true molars has progressed, for in the teeth of the 
adult no trace remains of the two crescentic enamel folds (PI. 36. fig. 24). P. 1 agrees in 
the two species. P. 2 is scarcely different in either; the enamel folds in p. 2 of the adult 
Prolog us sardus arc slightly reduced in size, and the larger inner fold (b) is, in old 
specimens, sometimes shut out from the outer border by intervening dentine (tig. 24, p. 2). 
P.3 lias its anterior “wall” somewhat more developed than in Prolog us reningensis. 

Of this species I have collected a good number of young specimens. The examination 
of younger stages of the teeth is of considerable interest, as they recall, more than the 
adult teeth, the primitive features of the Tilonomgs- type. 

Firstly as to p. 2. This tooth, being the most conservative, shows, as might have 
been anticipated, the least change from young to old. The diminutive postero-external 
enamel fold, however, which we met with in a moderately young specimen of P. renin- 
gensis, is visible only in very young individuals of Prolog ns sardus. 

P. 1, as has been intimated above, exhibits in the young stage a close approach to p. 2 ; 
the two enamel folds arc not yet reduced to the shape of islets, but open freely on the outer 
side of the tooth (PI. 36. tig. 11) ; the only appreciable difference, apart from its square 
outline, consisting in this, that the crescentic cusp (G) which divides the two enamel folds 
has its anterior horn less produced outward, so that the folds unite in a common delta 
on the outer side. The next stage of the still young p. 1 (tig. 16) is the pattern we met 
with in old p. 2; the small external enamel fold (c) alone opens on the outer side, while 
the larger internal fold has been reduced to the shape of a crescentic islet (b). The 
third stage is that of the adult, the external fold likewise having become an islet (lig. 24). 

It might be expected that very old specimens of p. 1 would show tin' complete dis- 
appearance of the islets, as is the ease in the true molars ; this condition I have never 
found in Prolagus sardus, although 1 have had the opportunity of examining more than 
a hundred upper jaws. Put it occurs in a Pliocene form of Continental France 
(Itoussillon), of which more will be said hereafter. 

In the youngest stages of the anterior true molar (fig). 4, in jaws which still preserve 
the deciduous dentition, remains of the two enamel folds are still visible ; they are very 
imperfectly divided by the last trace of the once powerful intermediate cusp. In a 
slightly more advanced stage (PI. 36. fig. 16 (m. 1), one or two diminutive enamel islets, 
situated postero-externally to the internal end of the transverse fold, arc the last vestiges 
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of the enamel folds of m. 1. In rare cases, very young m. 2 likewise show at the same 
place a diminutive circular enamel islet, tig. 1G (m. 2). 

The deciduous teetli (PI. 36. fig. 1) are scarcely different from those of the preceding 
species; but in these teeth also the crescentic cusp "6” does not completely divide the 
two enamel folds. D. 3 is triangular; d. 2 in younger stages somewhat approaches to 
a triangular contour. 

Pkolagus loxodfs (Gerv.). 

Lepus sp., Gervais, Zool. et Pal. Fr. P ed. i. j>. 32 (1848). 

Lupus Io:ro(lu< ; Gervais, ib. ii. explic. j)l. xxii., pi. xxii. fig;. !) (1848-32). 

Lagomys lo.rodus, Gervais, Zool. et Pal. Fr. 2' ed. p. 50 (1859) ; id. Zool. et Pal. gen. p. 1 18 (1867-69). 
? Lagomys ( Prolagus ) cor si can us, Deperet, Mem. Soc. Geol. France, i. p. 50 (1890), iii. p. 122, pi. xii. 
figs. 1,1 a (1892). 

? Myolagns elsanus, Forsyth Major, Atti 8oe. Tost*. Se. Nat. i. p. 229, 238 (1875), See. ( ride infra). 

Gervais’ Lagomys loxodus has been a stumbling-block for fifty years, owing, as I 
think, to the circumstance that the pattern of the four posterior right upper cheek-teeth 
preserved had not been grasped and was incorrectly represented. An inspection of the 
original specimen would at once settle the question; but since I am not acquainted with 
the original, I must deal, as best 1 can, with the published figure and Gervais’ incom- 
plete description. 

The figure is four times natural size. Gervais’ description runs as follows : — “ I) i tie re 
des Lagomys aetuels et diluviens par la forme ovalnire et sublosangique des doubles lobes 
de ses seeonde a quatrieme molaircs superieures ; la molaire anterieure est on memo temps 
plus forte, et elle a ses replis plus compliques ; — taille sensiblemeut iuferienre a celle du 
Lapin de Garenne”*. It was found in the town of Montpellier, in the iluviatile 
Pliocene marls f. At the same locality, under the Palais de Justice, was found the 
Srmnopil heats monspossulanus ; and this circumstance is of importance, as proving 
that these fossils belong to the older of the two faunas, mixed together under the 
designation "Montpellier. Spninopilhecm occurs also in the Lower Pliocene of Casino 
(Tuscany). 

The reasou for which Gervais considered the teeth to be the first, second, third, and 
fourth is obvious ; the last in the series is equal in shape to the penultimate, while in 
Lagomys the last molar has a postero-internal appendage. I believe them to he the 
second, third, fourth, and fifth (p. 2, p. 1, m. 1, m. 2) of a species of Prolagus, because the 
anterior tooth has the characteristic triangular outline of p. 2 of Prolagus, with the apex 
turned inward (cf. pi. 36. figs. 10, 21, 24, p. 2). In further agreement with Prolagus, 
Gervais’ figure of this tooth exhibits on the outer side two enamel loops; ou the inner, 
one. The more minute features of this tooth, as well as of those following behind, were 
not recognized, and therefore the latter have been represented in the manner in which 
lagomorphous upper teeth generally were and still are, founded on the belief that they 
are composed of two distinct lamella? closely connected. 

In my opinion there is not the slightest doubt left that we have to do with a species 

* Zool. et Pal. Fr. ed. ]>. 50. t L. c. 
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of Pro! a (jus, and I feel sure that a close examination of the fossil, if it still exists in the 
Museum of Montpellier or elsewhere, will confirm my view. 

It remains to enquire whether there is some reason for identifying it with one of 
the species of Prohtyus found in deposits contemporaneous, or approximately so, with the 
strata of Montpellier in question. Of these there are two: (1) Prohtyus ( Jli/oloytts ) 
elsnmts, which I have mentioned from the lignites of Casino, in the Yal d’Elsa, Tuscany; 
and (2) “ Layomys ( Prohtyus ) norsicttmtsP described under this name from Roussillon hy 
Deperet * * * § . The little I have to say of the former will he stated in a separate paragraph 
hereafter. 

As to the latter, Deperet declares that it agrees in size as well as in all other characters 
with the Prohtyus from Corsica and Sardinia, and he therefore describes it under the 
above name. This proceeding is as it should he; so long as no differences are traceable 
between both there is no reason for two specific names. But, so far as my own 
experience goes, the circumstance of a mammalian species surviving unaltered from the 
Lower Pliocene to the present era (I have found calcified remains of Prohtyus surdits, 
var. Corsica tuts, in an “ abri sous vochc ” of the Neolithic period in Corsica) would he 
quite unique, and it is a priori highly improbable, even taking into consideration that 
insular species may become, up to a certain extent, conservative in their character. I 
therefore incline towards the belief that hereafter characters distinguishing the Roussillon 
from the island form will he shown to exist. 

The presence of a third lower molar, supposed by Deperet to appear occasionally 
in the Roussillon fossil, would he such a distinctive character, since it has never 
been observed in the Pleistocene species ; but I give further on (pp. 482, 1-83) what I 
hold to be the real explanation of (lie fact noticed by Deperet, viz. that the supposed 
m. 3 in certain jaws from Roussillon is simply a portion of m. 2, which has been 
accidentally detached. 

Another character noticed hy Deperet in the Roussillon species deserves mention here, 
[n the specimen from this locality first described f it was stated that the three posterior 
upper cheek-teeth are similar to each other, being “ constrnites sur le type ordinaire des 
Leporides.” In the third volume of (he ‘Memoircs’ a second specimen is described 
in this the “ premiere arriere-molaire ” (p. 1) differs from the same tooth of the first 
specimen by “ exhibiting on the surface of its posterior lobe a double chevron -shaped 
enamel fold, recalling the molars of Tihtnomjs. These folds must disappear rather 
rapidly by effect of trituration, thus explaining their absence on the specimen previously 
figured, which apparently was more adult.” Deperet adds that these chevron-like folds 
exist equally in the corresponding tooth in the specimens of “ Lttyomys corsicunus ” 
from Bastia (Corsica), although this character is not represented in the figure of the 
latter published by Lortet §, and he concludes that the above is a complete confirmation 

* Ch. Deperet, “ Animanx pliocene* du Roussillon/* Mom. Soc. (Jeol. France, i. p. 50, pi. iv. figs. 27-55 ( 1 Si >0) ; 
iii. p. 122, pi. xii. figs. 1, 1 a (1SU2). 

t Mem. Soc. (teol. France, i. p. 57 (1SIM.M.. 

X Op . cit. iii. p. 122, pi. xii. figs. 1, 1 a (1S92). 

§ Arch Mus. Lyon, i. pi. viii. 
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of the identity of the Corsican and Sardinian fossil with the Pliocene animal from 
Roussillon. 

1 venture to suggest that the inverse conclusion may be drawn from these statements. 
The character in question has been figured and exhaustively described in the preceding 
pages. Of Prolog us sard its, l have represented on Pi. 36. three stages. Fig. 11 shows 
p. 1 of a young individual in which the two enamel foldings (b and o) arc large and 
confluent on the outer margin. In tig. 21 (p. 1 from an adult and rather old individual), 
they are seen to be separated from each other and reduced to the shape of central 
enamel islets. Fig. 10 exhibits an intermediate condition (see p. 456). If these 
chevrons are not represented in Lortet’s lignre quoted by Deperet, this is due to an 
inadvertence of the artist ; for an examination of the figure quoted shows that the 
artist had seen something of the kind, but omitted to represent it accurately. In the 
vast number of maxillaries of Prohigtis sardtts from Bastia and various Sardinian 
localities which have passed through my hands, I have never missed the presence in 
p. 1 of the two enamel folds; but it is possible that they may disappear in very old 
individuals. The fact that, of the only two specimens from Roussillon examined, this 
character was absent in one, proves in my opinion that the Roussillon species, although 
geologically older, has exceeded the island species in the transformation of the cheek- 
teeth, thus representing the last stage of Prologos ; /. e. that which approaches closest 
to the condition shown by p. 1 of JAigopsis and Logowgs. 

The peculiarity which I am about to mention in the anterior lower prcmolar of the 
Prohtgun from Casino is not recorded by Deperet in the lower p. 2 from Roussillon; but 
it would be worth while to re-examine this tooth in the specimens from the latter place; 
for the two Prolag/ from Roussillon and Casino may be identical, if we judge from the 
association of other identical species in the two localities. The same may be said of the 
fossils from Roussillon and Montpellier; but the information concerning the Prolog us 
from the latter locality at present at our disposal is insufficient for close comparison with 
other fossil forms. 

PnOLAGUS ELSAXUS, Maj. 

Myo/agiis elsanus, Forsyth Major, Atti Soc. Tose. Sc. Nat. i. pp. 22!), 238 (1875) ; id. in L. Rutimeyer, 
Ucber Pliocen uud Eisperiode auf beiden Sciten dcr Alpen, p. 15 (1878) ; id. Atti Soc. Tosc. Se. Nat. 
Proc. Verb. p. xc, 1 1 Maggio 187!). 

A few fragmentary mandibular rami from the Lower Pliocene lignites of Casino, Val 
d’Elsa (Tuscany), preserved in the Pisa Pahcontological Museum, have been long ago 
noticed by me, and I have on various occasions stated that, by the conformation of their 
lower anterior premolar (p. 2), their reference to II easel's genus J Itjohtgm ( Prolag us ) is 
beyond doubt. As at the time no specie's of Prologus had been recorded from the 
Lower Pliocene, I felt justified in assigning a new specific name to the Casino fossil. 

Of some importance, not only as distinctive for the species, is the following character 
not previously recorded by me, but of which 1 was perfectly aware at the time, for it is 
shown in two sketches which I made of the lower anterior premolar, right and left, 
presumably of the same specimen. At the postero-internal margin of this p. 2 is a 
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narrow enamel fold — more distinct in the left-hand tooth — corresponding to a shallower 
and wider fold in Titanomys, which forms the anterior boundary of a minute terminal 
cusp, marked in the figures ( Titanomys , PL 37. figs. 2, 3, 7, 25). More about 
the significance and the homologies of this terminal cusp will he said in the chapter 
treating of the lower cheek-teeth. I mention it here, since in no other species of 
Prohibits have I met with it in p. 2, and it may therefore he characteristic of P roil ay m 
elsantts. 

The only teeth known from Casino are mandibular; and as those from Montpellier 
arc maxillary, no direct comparison can be made between them. Both deposits are 
contemporaneous, and bear other species in common ; wherefore there arc good grounds for 
assuming the specific identity of the remains of Prohtgus from the Italian with those of 
the French deposit. If this can be satisfactorily shown in the sequel, Gcrvais’ specific 
name will have to replace mine on grounds of priority. 

3. Genus Lagopsis, Schloss. 

Lagopsis ye it us (Ilensel). 

Lagomys < vnhajevsis , H. v. Meyer, Neu. Jalirb. 1330, p. 58, p. p. ; id. Foss. Siiugetliicrc &c. von (Euingen, 
p. 0, pi. iii. fig. 1 (1815) ; Bicdcnnaim, IVtrcfaoteu aus d. Unigog. v. Winterthur: II. Die Braimkohlen 
von EIgg, p. 13, pi iii. tigs. 1, 2, 3 (1803) ; Lvdckker, Cat. Foss. Maimu. Brit. Mus. i. p. 250 (Specim. 
Br. Mas. nos. 42815, 42810 (?), 1*2820 (?) (1835). 

Lagomys vents, Ilensel, Zcitselir. dentsch. geol. (tes. viii. p. 088, pi. xvi. figs. 12, 13 (1850) ; Deperct, Arch. 

Mns. Lyon, iv. p. 101, pi. xiii. tigs. l(i, 17 (1887). 

Titanomys wninyensis, II. v. Meyer, Paheontogr. xvii. p, 228 (1870), p. p. 

Lagomys ( Lagopsis ) teninyensis, 8chlosser, Paheontogr. xxxi. p. 31 (1881*), p. p. 

Lugomys (Lugojmis) rents, Schlosscr, op. cit. p. 31, pi. xii. figs. 10,40,40 (1884) ; Deperct, Arch. Mns. 
Lyon, v. p. 57 (189.2), p. p. 

Hansels type-specimen is a mandibular ramus, and will therefore be more fully 
discussed in a later chapter. He was impressed by its approaching much nearer the 
recent Lagomys than the remains of Prolagas(‘ e Hyolayns") described in the same paper. 
‘ Ich nenne die Art Lagomys rents, weil sic sieli durch die Zahl ihrer fiinf Backcnzahne, 
(lurch die Stellung des Foramen mentalc und (lurch den ersteu unteren Backenzahn, der 
nur aus eincm Cylinder besteht, als ein hid iter Lagomys ausweist ” *. 

It is perfectly true that this fossil is closely related to Lagomys. However, Schlosser 
proposed to raise “ Lagomys wninyensis, II. v. Mey.,'’ and “ Lagomys cents, Hens.,” to the 
rank of a genus, Lagopsis , a position with which I in general agree, while l disagree in 
part with the reasons assigned for it . There is no doubt that some of the larger Lagomyidse 
of (Eniugen, which were comprised by II. v. Meyer under the above name, are identical 
with Ilensel s Lagomys corns ; but with regard to other specimens this has not yet 
been demonstrated. We cannot therefore throughout regard “ Lagomys am in gen sis, 
H. v. Mey.,” as synonymous with “ Lagomys vents, Hens.,” as Schlosser has hesitatingly 
assumed in his ‘ Noger dcs europ. Tertisirs’ (p. 32) and more positively asserted later f, 
followed by Lydekker J. 

* Oj>. t il, pp. OsS, 689. f Ucitr. Pal. Oestr.-Ung. viii. p. SG (table) (1SU0). 

t Cat. Foss. Mamin. Brit. Mus. i. p. 256 (1885). 
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Schlosser bases li is new genus La {/op. sis on the differences (from Layomys) in the shape 
of the anterior lower premolar (p. 2), und das, wie es scheint, hriufige Fehlen des vierten 
Molaren,” thereby meaning the lower m. 6. 1 agree with the first proposition ; as to the 

latter, it will he shown later on that in all the specimens of Lagomys cams, in winch 
m. 3 is missing, it has simply dropped out, for its alveolus is present. 

The upper teeth of Layopsis, which are here described for the first time, although more 
closely resembling Layomys than Prolayus, present, however, characters which strengthen 
the conclusion based on the lower teeth, viz. the establishment of a separate genus. 
Layopsis realizes the penultimate stage in the evolution of the cheek-teeth of Lagomykhe, 
Layomys the last. 

The description of the upper cheek-teeth of Layopsis may he appropriately preceded by 
that of Layomys *. The numerous existing species of Layomys show a considerable 
constancy in the pattern of their cheek-teeth. Young individuals were not available to me. 
In the adult we firnl a further step away from the Titanomys type ; not only the two true 
molars, hut the posterior premolar (p. 1) likewise, have lost every trace of the crescentic 
enamel folds, so that p. 1 has become very similar to the true molars, all three showing 
the transverse fold proceeding far outward. P. 2 exhibits, in a very interesting manner, 
a reduction of the Titanomys type. There is no transverse fold, the original internal notch 
being maintained ; of the two crescentic enamel folds {!>) and (c) only the former, 
the internal, remains, and it hears on its outer -ode a strong cusp (6) and opens on the 
antero-external margin of the tooth. P. 3 shows a further reduction as compared with 
Prolayus. Of the internal notch only a feeble vestige is visible, and of the two typical 
enamel folds only the internal one, which runs obliquely from the middle of the anterior 
margin in a postero-external direction. 

Deperet lias figured from La Grivc a left palate devoid of teeth, hut exhibiting very 
distinctly the alveoli of the live cheek-teeth ; he assigns this fossil, quite rightly in my 
opinion, to Layopsis cents f . 

Among the fossils collected by myself at La Grive are two rooted upper cheek-teeth 
(Brit. Mus., G. D., Xo. 52GI), which in size agree with the lower teeth of Layopsis 
vents from the same deposit. Layopsis being the one Tertiary genus which, by the form 
of its lower teeth, comes nearest to Layomys, it could he anticipated that the upper teeth 
of the fossil would likewise show a near approach to t he recent genus, and this is, 
in fact, the case. Additional evidence is furnished by a specimen from (Eningen, to 
he described later on. 

One of the isolated teeth just mentioned, from La Grive (PI. 36. fig. 31), exhibits the 
same somewhat triangular outline — the apex being turned outward — and about the same 
characteristic enamel folding (b) as the upper p. 2 of Layomys. In the p. 2 of Layomys 
the outer enamel border of the crescent (b) is raised into a strong triangular cusp, with its 
convexity turned inward ; in the fossil tooth the inner border ot the crescent is raised in 
the same manner. Prom p. 2 of Prolayus ceninyensis (Kon.) (PI. 36, tig. 21) the tooth 

% Enlarged horizontal sections of the upper cheek-teeth of Lcujoniys atpinm and L. nepaluisis arc given by Hensel. 
op. cit. pi. xvi. figs. 1 & 5. 

t Op. cit. p. 104, pi. xiii. fig. 17. 
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figured in fig. 31 can at once be distinguished; the former is much smaller, has a tri- 
angular outline with the apex turned inward, and a smaller enamel crescent (c), smaller 
than, and external to (b). The upper teeth of Titonomys Fontannesi, which in size 
come nearer to the original of fig. 31, though slightly smaller, are provided with roots, 
and they present other differences which have already been described. From its 
resemblance to Lagontys this tooth (tig. 31) can therefore with certainty be determined 
as belonging to Lttgopsis vents. The second of the isolated teelh before mentioned, from 
LaGrive (FI. 36. fig. 32), agrees in size with the first; and for this reason alone Frolagtts 
ceningensis can be excluded. It is either p. 1 or m. 1, if w e judge from its agreement 
with the corresponding teeth in Lagomys. 

In the Palaeontological Collection of the British Museum (No. 42S15) is preserved a 
slab from (Eningen, showing the skeleton, in a much crushed and imperfect condition,’’ 
of a lagomyid 1! oden t. which Lvdekker has determined as Logomys oniingensis , H. v. 
Mev., because it agrees very closely in size with that figured by II. v. Meyer on pi. iii. 
fig. 1 of his ‘ Fossile Saugethiere von (Eningen'*. On examination of this specimen 
(No. 42S15) several cheek-teeth are seen in a fragment of the cranium, presenting their 
inner sides, the bone being here broken away. The lower parts of these teeth, in the 
neighbourhood of the crowns, as well as these, wore hidden in the matrix when the 
specimen came into my hands. By carefully removing the matrix, the triturating 
surfaces of the three anterior cheek-teeth (the three premolars) were laid bare, and 
it became at once apparent that this fossil is a Logops/s. 

It was too late to have the teeth figured in the present memoir, so that I must 
content myself w ith their description. I give figures of them elsew here +. The posterior 
of the three teeth (p. 1.) exhibits the pattern, which is shown by the homonymous prcmolar 
of Lagomys and by the latter's two true molars. On the outer side of this tooth is a 
shalloAv and open groove, which, so far as can be made out under a strong leus, has no 
enamel border. From the middle of the inner margin a lozenge-shaped narrow' enamel 
fold (a of my figures in PI. 36) runs transversely across two-tlrirds of the breadth 
of the triturating surface towards the outer side ; the posterior enamel border of this 
fold is raised into a strong crest, running parallel with the anterior euamel border of 
the tooth, both presenting a slight convexity turned anteriorly. The enamel fold is 
tilled with cement in its outer narrower portion, its wider internal opening being devoid 
of this substance. 

The pattern of the middle premolar, p. 2, proves that the isolated tooth from La Grive 
(PI. 36. fig. 31) has been rightly determined as p. 2. As in the latter and in Lagomys , 
there is only a comparatively shallow internal enamel Cold (a) present in the tooth 
from (Eningen, the greater part of the triturating surface being occupied by the enamel 
crescent (b) before described in the tootli from La Grive. Outside the crescent ( b ) 
appears a small enamel ring filled, like the latter, with cement ; this ring is doubtless the 
vanishing liomologue of the outer enamel crescent ( c ) of Tilanomys and Fro la gas, described 
in tbe preceding pages and figured in PI. 36. In the La Grive specimen (fig. 31) there is 

* Catalogue of the Fossil Mammalia in the British Museum (Xatural History), i. p. Xo. ( lsS5). 

t Geol. Mag., dec. iv. vol. vi. p. o70, figs. 1 & 2 (1^99). 
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a mere vestige of some such element in the same place, the tooth beiug presumably 
more worn than that in the (Enin gen specimen. As in the La Grive tooth, that from 
(Enin gen has both enamel margins of crescent ( b ) raised into triangular cusps, with 
the convexity turned inward. 

The anterior premolar, p. 3, of the (Eningcn fossil is not dissimilar to the same tooth 
of Prolayns aoii/iyensis (Kbn.). Whereas in recent Layomys the triturating surface of 
p. 3 exhibits only oue enamel fold — starting from about the middle of the anterior 
margin and running backward obliquely, i. e. postero-externally — the same tooth in 
Layopsis shows two enamel folds, as in Prolayns wninyensis, opening ou the anterior 
margin, and thence running almost straight backward. 

These differences from. Layomys strengthen, therefore, Selilosser’s opinion, that the 
Miocene fossil is to be considered as a genus ( Layopsis ) distinct from Layomys. At the 
same time they present a further link in the gradual transformation of the tooth-pattern 
( Titauomys — Prolayns — Layopsis — Layomys — Lepns ). which begius in the hindmost 
molar of Lagomvkhe and, gradually proceeding forward, stops at p. 1 in Layopsis and 
Layomys, and at p. 2 in Lepns. 


Genus Leftjs s, 1, 

It would seem more rational to treat of the Miocene Paheolayas before Lepnis , siuce 
there are strong reasons for the assumption that the former is the ancestor of the latter. 
On practical grounds, however, I think it more advisable to give the description of 
Lepns first, because we can fully understand the dentition of Paheolayas only after 
having dealt with the dentition of the young of the existing genus ; and because, on the 
other hand, the latter exhibits a further development of the modernization initiated by 
Titauomys. 

Hensel, writing in 1850, stated that, contrary to the usual descriptions of authors, the 
upper molars of Lepns consist each of a single cylinder, which in the second, third, and 
fourth teeth is provided with a deep enamel fold, filled with cement and penetrating 
from the inner side *. "When contending that all the previous writers on the subject 
had incorrectly interpreted the conformation of the leporiue molar, Hensel could 
hardly have guessed that 13 years later he might have made an almost similar 
complaint. We continually meet with descriptions and figures of lagomorphous animals 
in which the upper molars are represented as formed by two cylinders closely united or 
soldered together, presenting three transverse enamel ridges ! 

As compared with the Layomyiche, by the presence of m. 3 in the maxillary, Lepns 
exhibits a more primitive condition. In the characters under consideration, however, 
Lepns is undoubtedly the extreme member of the series. While in Layomys the posterior 
premolar (p. 1) has alone acquired the transverse fold of the true molars, in Lepnis 
(PI. 36. fig. 33) p. 2 has been transformed as well. P. 3 alone retains what we may fairly 
consider to be the ancestral enamel folds, as well as the ancestral internal notch. There 
is no anterior “ wall ” ; wherefore the enamel folds open freely on the anterior side. 


* Zeitt'Chr. deutsch. geol. Gcs. p. 0 s 1 
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In a skull of L. myricollis from Ceylon (13. M. Z.D. No. 81.4.29.7) (PI. 36. fig'. 34) I 
find that the modernization has begun to invade p. 3 also ; in the tooth of the right 
side the internal notch (a) has assumed the shape of a lengthened fold, stretching half- 
way across the crown and provided with plications as in the other molars. 

M. 3 of Lrpus is a small, vanishing cylindrical tooth; in rare cases, however, of 
L. rnrojurus a transverse fold has been observed in this*. 

Now as to the condition of the teeth in the young of Lrpus. llilgendorf stated long 
ago t “ that the upper cheek-teeth of young Hares are provided with a crescentic enamel 
tube, which forms a transition to the fossil JLi/oIof/us.” This is perfectly true, Imf it is 
not all. 

In the Rabbit Onjclohtgns cun /cuius, the two posterior upper deciduous teeth when 
worn, and the permanent molars when slightly abraded (PI. 36. tig. 5), exhibit a pattern 
identical to that presented by the two anterior true molars of Pahcoh/yns ,as figured in PI. 36. 
fig. 30, viz., an internal notch and a central crescentic enamel fold. Before attrition has 
set in, they exhibit besides a strong crescentic cusp (0), which delimits the outer side of the 
enamel fold (fig. 1). On the outer side of the cusp is seen a minute and shallow enamel 
fold, incompletely divided into an anterior and a posterior part by a ridge descending from 
the middle of the outer slope of the cusp (c, tigs. 1, 5). In d. 2 the anterior horn 
of the larger crescentic enamel fold stretches further outward than in d. 1, and almost 
reaches the outer border of the tooth. When attrition is going on, the shallower outer 
fold may be seen for a short while on the triturating surface, under the form of one or 
two minute enamel islets, which are soon completely worn away. The deeper inner 
crescentic fold (b), apparently that mentioned by llilgendorf, persists longer. 

Here then we still meet with, in an ephemeral condition, the elements constituting the 
Tii a nomys-iooih : two enamel folds ( b and c) separated by a strong cusp (0) and an 
internal notch (a). The deciduous teeth of Lrpus s. 1. are cast oil' without presenting 
any other change except that produced by further wear (fig. 20). In the permanent 
teeth (PI. 36. fig. 17) the internal notch begins to extend. That this growth takes place, 
in these initial stages at least, wholly in an inward direction — by a prolongation of the 
two internal cusps, which have gradually been transformed into transverse lobes J — 
becomes evident when we compare these teeth before attrition and in a moderately 
worn condition. In the former stage the crescentic fold is separated from the internal 


* Hilgcndorf, in Monatsber. K. prenss. Akad. der Wiss. Berlin. 14 Dec. 1805, p. 073. + Ihid. 

X “ 8 " and “ 0 ” in the fignres of all the upper cheek-teeth on Tls. 36, 37, 39. The scarcity of my material 
prevents me from entering into particulars with regard to the young stages of other recent Leporida?. In a slightly 
abraded p. 2 of Oaprolar/us hisptdus (PI. 36. fig. 27), b and r surround almost completely the well-developed 
cusp ((») and unite together to form a common nutlet on the autero-extcrnal side of the tooth. The enamel 
exhibits numerous secondary plications characteristic of the teeth of this Hare. In the deciduous teeth of tiylvilayas 
brtmlhhsts (PI. 36. fig. 20), a and b are united and present the pattern of a branched fork, visible also in 
young stages of permanent teeth ; in the latter (&), represented by the two branches of the fork, soou disappears 
from the triturating surface. In the true Hares, Lepus s. str. (PI. 36. figs. 22, 25, 2.s), the primitive pattern is 
more ephemeral still than in the Babbit: the enamel crescent {]>) is quite superficial. As is generally the case in 
disappearing structures, these vanishing elements present a considerable amount of variation in different specimens 
of the same species. 
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notch only by a longitudinal enamel ridge ; in the latter it is still in its place, while the 
internal notch has grown into a transverse fold stretching across half the transverse 
diameter of the triturating surface *. 

Upper Incisors of Leporkbe. 

The upper incisors of several Leporkbe present some little-known peculiarities. 

In his description of Lepus nujr icolf is, G. 11. Waterhouse says: — “The upper incisor 
teeth have each two longitudinal grooves, placed very closely together, and not very 
distinct ” +. About the same statement is made with regard to Lepus tjarkandensis, 
Ghntli., by Buchner, who believes this to he a special character of the species : — “ Sehr 
cliaracteristisch fiir Lepus gurkaudeusis ist dor Ban der oberen Nageziilme, durch welchcn 
diese Art sich, wic es scheint, von alien Gattungsgenosseu unterscheidet. Die 
Vorderflache des oberen Backzalmcs weist niimlich zwei flache, schwach markirtc 
Ilinnen auf ; dicsclbcn vcrlaufen dicht neben eiuandcr auf der inneren ilalfte der 
Vordertlache ” 

I have before me the type-specimen of L. t/urkundensis, Gimth. (Br. Mus. Z. D. No. 75. 
3.30.10) ; an examination of the outer surface of its upper incisors shows but one 
groove, as in other Leporkbe ; the groove is filled with cement, but only incompletely, 
so that the outer and inner border of the zone of that substance is marked by two 
longitudinal stria? which somewhat simulate grooves. There is besides a median 
superficial depression of the cement layer, so that the appearance of three longitudinal 
grooves is produced. (In Ouprohujns hispid us the median hollowing of the cement is 
more accentuated.) 

In L. uigricoilis , as a rule, the appearance of two grooves is produced by the same 
cause as in L. yarkandensis. Sometimes, however, there is in the former species 
a very shallow longitudinal groove in the enamel, to the outside of the principal 
groove tilled with cement ; the former is somewhat more distinct in the unique skull 
of a specimen from Ceylon in the Br. Mus. (Z. D. No. 81. 1.21). 7). 

The fact of the presence of cement in the groove having been overlooked has given 
rise to another misunderstanding. Waterhouse says that in Lepus rujicaudatus the 

* According to Fere Heude, the anterior upper premolar, p. 3, of L> pus is composed of p. 3 and a more anterior 
premolar, which latter is said to he represented b\ the median of the three anterior lobes ( kb (j ,1 of my figures) of p. 3. 

cit. pp. 03, 0-f, pi. xiii. figs. 4, 5, 7, l« s 9S). As I believe to have satisfactorily demonstrated — although not, 
perhaps, to the Rev. Peres satisfaction — that this 0 ” of p. 3 is the homologue of *■ 0 " in the posterior premolars 
and true molars of all Lagomorpha, 1 think we can, for this reason alone, dismiss the fusion theory, since each of 
these posterior teeth would have to he considered also as a compound of two. (Similar remarks apply to p. 2 of the 
lower jaw of Lepus , which, according to Per© Heude, is = p. 3-|-p. 3.) 1 may add here that 1 have never observed 

in the upper molars or premolars of Lepus a longitudinal enamel ridge closing the opouing of the internal enamel- 
infleetiou (a of my figures), as figured and described by Fere Heude (“fissure qui se ferine avec une lamclle d’email 
chez 1 adulte," op. cit. p. (jo, pi. xiii. fig. 4), and would gladly learn in which species this occurs. 

t It. Waterhouse, k A Natural History of the Mammalia, ' ii. p. 73 (1S4S). 

£ Hug. Buchner, * AViss. Resultate der von X. M. Przewalski liacli Central-Asien uutcrnommencii Reison,' i. 5. 
p. 193(1894). 
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superior incisor “ lias the external groove less deep, and placed nearer to the inner edge 
of the tooth,” than in the Common Hare * ; and AY. T. Blanford states of Lop ns dayanns, 
Blf., that “ the upper incisors appear very indistinctly grooved ” f . The species 

mentioned are precisely among those in which the groove of the upper incisors 
is very deep ; hut they present the appearance of being shallow, owing to the cement 
which incompletely tills them. In fact, the cement appears in all species in which 
the groove penetrates further backward than in the commonly accessible species 
(L. eurojueus, Oryctohujus cuniculns ), and it is in that ease very often associated wit h 
other complications which we have now to consider. 

Hodgson gives as one of the distinctive characters of CaproUujus hispid us the 
folloAving : — “ the grooA r e in front of the upper incisors is continued to their cutting-edge 
so as to notch it ” $. Strictly speaking, the cutting-edge of the upper leporine incisors is 
always notched' — even in Lepns europcevs ; only, in C. hispidus (text-fig. VIII), the 
groove, filled with cement, is much broader and penetrates further backward, so that 
the natural section presented when the incisor is viewed from its lower side (same tig.) 
sIioavs the grooA’e under the form of a very elongated triangle, with the apex at its 
posterior end. A more complicated form has been noticed by Hilgcndorf, as stated in 
the folloAving brief sentence: — “Die oberen Sclineidczahne von Lepvs ca/Iotis aus 
Mexico und Lepns niynoollis aus Indien sind gabel ig schmelzfaltig (dentes complicati) ; 
die cntsprcchcnden Zahnc dcr afrikanischen Jlasen bilden durch eine ein fa chore 
Einbuchtung des Selim elzes einen Uebergang \'on jenen zn den andcrcn Hascnarten” §. 
In a later note by the same Avriter further particulars arc given ||. In the text- 
figures I-XXIY arc shoAvn, enlarged (about fxl), the principal modifications of 
the enamel-folding of upper leporine incisors vicived from beloAV and with the anterior 
border directed doAvmvard. Some slight differences hetAveen the few descriptions 
given by Hilgcndorf and my figures of the supposed same species are apparently 
due to different causes : in the first place, because Hilgcndorf describes tooth- 
sections. Moreover, specimens of the same species may va ry slightly {of. figs. XVI & 
XVII), OAving partly to individual variation. But the shape of the enamel-fold A'aries 
equally at different stages in the age of the animal ; species Avhose incisors shoAV the 
most complicated pattern in the adult have as yet no trace of this in very young 
animals; and, rice versa, in very old specimens complication tends to disappear again. 
As shoAvn by scA’eral of the text-figures, slight Aariatious hetAveen the right and left 
incisor of the same individual also occur. These circumstances will, of course, have 
to be taken into account for systematic purposes. 

The most complicated folding in Hilgcndorf’s material Avas presented by a L. cal lot is. 
Wage, (r -L. mexican us, Lichtcnst.), from Mexico *[[, in the shape of a T, whose transverse 

* Op. ciJ. p. 77. — It. Swinkoe (Proc. Zool. Soc. Loud. INTO, p. 234) makes a similar remark with regard to 
L. Inti nanus . 

t W. T. Blanford, "On Xew Mammals from Sind," Y. /. S. London (1874), p. GGB. 

X Journ. As. Soe. Bengal, xvi. 1, p. **>70 (1840). 

§ 8itzungsber. Berl. Ak. Wiss., 8itzg. 14 Dec. I s Go (lsGG). 

|| Sitzungsber. Ges. naturf. Freunde Berlin, Sitzg*. lo Jan. 1884, pp. 18-21. 


% Oj>. c'u. pp. 18, 19. 
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part, turning ])ack\vard, runs approximately parallel with the anterior border of the 
tooth, and is slightly folded from behind, so that it may be compared with an 
outspread fork. Figs. XVI and XYII, representing the left incisors of two 
specimens from Mexico in the Xat. Hist. Museum, labelled Lepus vallolts, show this 
same form, with a slight complication of the transverse part in one of them (XVII). 
L. melauotis, Mearns (tig. XV), from Clapliam, Xew Mexico, belonging to the same 
group ( ILucrotolayus ), exhibits in the right incisor the T pattern in a much reduced 
form, and in the left a condition approximating to that of the African L. saxatUis , of 
which more hereafter. 

The nearest approach to L. aallotis is seen, according to Uilgondorf, in L. day an us, 
"Bit"., to which species be refers also the L. nigricoUis of the first note. I have figm’ed 
(fig. XVIII) the right incisor of the co-tvpe of L. day an ns, from Sukkur, Sind (Br. Mus. 
Z. I). Xo. 90. f.9.2), which corresponds almost exactly to Hilgendorf’ s description. A 
nearly similar form I find to be exhibited by L. haiuanus, from Hainan (fig. XIX); the 
folding, however, is considerably shorter, and the opening broader. In L. nigricoUis 
from Ceylon (fig. XXI) the branches of the fork are more elongate, and the anterior 
opening is considerably more constricted, than in L. hat nan us. 

L. peguensis, Blyth, from Pegu (tig. XX), shows a further complication, already 
foreshadowed by one of the aailotis specimens (fig. XVII), there being three branches 
of the fork. Xot much different is the left incisor — the right one is damaged — of a 
L. nigricoUis from the Xilghiris (fig. XXII), and both incisors of L. ruficaudatus 
(L. kurgosa, Gray) from the Punjab (fig. XXIII). The maximum of complication 
known to me is exhibited by a L. rujicaudat as from Rajputana (fig. XXIV), wliere the 
left incisor exhibits a four-branched fork, the right being a slight modification of the 
same pattern. 

Following the description of flu* incisors of L. dayanus, Hilgendorf gives that of au 
undetermined skull brought home from Africa by the Von der Dccken Expedition. In 
this the T with a narrow opening is still strongly marked, but the median moiety of the 
transverse part is reduced. The whole of' the enamel-fold occupies less space than 
in L. dayanus, not being so much extended either backward or laterally *. This 
description applies fairly well to my fig. XIV, L. Vi Ho rue, Thus., from Xassa, Victoria 
Xyanza, except that the opening of the fold is not narrowed. 

Figs. IX, X, and XII represent L. saxatUis, F. Cuv., from Pirie Bush, King William’s 
Town (Cape), Transvaal, and “ Cape of Good Hope ” respectively, in none of which 
is there a bifurcation at the posterior end ; the folding penetrates far backward and 
the opening is wide, as described by Hilgendorf f in L. saxatUis. Fig. XI, “ Lepus 
sp.”, from Sena, Zambesi, is of the same pattern ; and so is L. Whytci, Thos., type- 
specimen, from Paeombi River, Nyasa (fig. XIII); in the latter, however, the fold 
penetrates further back than in figs. IX-XII, and the opening is comparatively more 
restricted. To this form seems to approach Hilgeudorf’s specimen of ‘■‘■Lepus capensis,” 


Oji. i it. p. 21. 


* Of*, cit. p. 20. 
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Auterior end of upper Leporine incisors, from below. Enlarged. 


No. I. Lepus variabilis (altaicus). 

II. X. variability <j>. 

III. L. sinaiticus. 

IV. X. Jmhvcp, Gray, type. 

V, X. sinensis. Gray, type. 

VI. X. ciunanicus , Thos., type. 

VII. “ X. yarkandensis ? ” 

VIII. Caprolagus hispid us, Pears. 

IX. Lepus sa,rafilis. 

X. X. saxatilis , o * 

XI. Lepus sp. 

Xll. X. saxatilis . 

XIII. X. JrXyfrX Thus., 5 » type. 

XIV. X. Victoria?, Thos. 

XV. X. (Macrotolagus) mvfanotis , Hearns, cf. 

XVI. X. ( „ ) or/feto. 

XVII. X. ( „ )ca?!otie. 

XVIII. Lepus day an us, co-type. 

XIX. X. hahnwns. 

XX. X. pccfiiensis, Blf., 5* 

XXI. X. niyrieolHsy F. Cut. 

XXII. X. niyvicollis. 

XXIII. X. mjieandatus (kuryusa. Gray). 

XX 1 V- X. ntficav.dat its. 
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from Mozambique *, collected by Peters, which, however, is certainly not a Leptis capensis. 
The latter differs scarcely from L. enropceus, Pall., s. 1. (including L. occidentidis, de 
Wint.), by its minute enamel-folding, not filled with cement. 

The forms whieh remain to be described (figs. 1-A 7 1 1 ) are all approximately of the 
same type, viz. a triangular fold with the apex turned backward; the fold in none 
ot them stretching so tar back as in Cuprolugus hispid us (fig. VIII), mentioned above. 
The pattern of the latter is approached somewhat by that of tig. VII, from 
a specimen labelled “Lupus yarkaudensis ?,” from Ivoko Nor (Br. Mus. Z. P. 
No. 94.2.2.12), exhibiting an enamel-fold with thick borders, bat shorter than in 
C. hispidus, and with a much wider opening. It is decidedly not L. yarkaudensis, Giinth. 
The type of the latter, which is not figured, approaches in the form of the folding 
L. sinensis. Gray, the type of which (Br. Mus. Z. I). No. 38.10.29.23) is represented in 
fig. V. Both are imperfectly tilled with cement, in L. sinensis still less so than in 
L. yarkandensis. The latter differs also from the former by the opening and the 
whole fold being nan’ower. 

L. tibetanus, Waterh., has no trace of cement ; in the shape of its fold it is 
intermediate between the former two ; the opening is slightly broader than in L. yark- 
andensis. 

The conformation of the type of Gray’s “ L. .Tudiute ” (fig. IV), from Palestine, and 
of “ L. sinuUicus” (fig. Ill), from Midian, N.W Arabia, almost identical in both, is 
shown by the figures. 

L. timidns, Linn. (L. rariabilis , Pall.) (figs. I & II) hardly differs, but still the two 
figures of this species show that there are slight differences between a specimen 
from ltussia (fig. I) and one from Scotland (fig. II). In this species I have always 
found the enamel-fold with a filling of cement, though very often incomplete. In 
L. eurojucus, Pall., I have never met with a trace of cement. This difference would 
seem to be a good character for distinguishing isolated fossil incisors of the two species; 
but it is probable that much-weathered specimens of L. timidns may have lost their 
cement. 

Lupus cumanicns, Thos., from Venezuela (Br. Mus. Z. D. No. 94.9.25.18), the type of 
which is represented iu tig. VI, stands somewhat apart by its very narrow and 
comparatively elongate enamel fold. 

Hilgendorf bolds these complications of the enamel in the upper incisors to be a 
specialization, the only reason given being that in the fossil Prolayus (Jlyolayns) nothing 
of the kind is seen. “ Phylogeuetisch betraehtet, ist die bedoutende Sclimelzentwicklung 
des Lepus mexieunus gleichfalls ein Extrem ; denn die Einbiegnng der Sehmelzplatte an 
der Vorderffache tritt bei den fossilen Leporiden-Gattuugen (Myolagus) als cine seichte 
Einknickung auf, deren Seitentheile last die gauze Vorderffache einnebmen ” f. This 
argument would be of some weight if Prolugus could be considered ancestral to 
Lepus-, but this is certainly not the case, although the molars of the former are of a 
more primitive type than those of the latter. As insisted upon in the present 
memoir, the Lagomyidie, of which Prolugus is a member, run parallel with the 

* Op. cit. p. -1- 


t Up. cil. p. 20. 
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Leporidie from the Lower Miocene (or it may be from the Oligoccne) to the present 
time. 

The incisors provided with enamel-folds point hack towards cuspidate incisors, for 
the enamel-folds of lophodout and laminated teeth are obviously the derivates and 
homologues of the “valleys” separating' the cusps or tubercles. Now it is very 
suggestive that we meet with cuspidate incisors in Ples/adapis, a genus from the lowest 
Eocene of Itheims, classed among the Lcmuroidca by Lemoiue and other writers, 
considered by Schlosscr and me to be a very primitive Rodent. In the jaws of 
Plcsiadapis the teeth are greatly reduced in number. In the lower jaw we have only 
one powerful elongated incisor, directed obliquely forward and upward, and separated 
from the five cheek-teeth — the premolars being already reduced to two — by a con- 
siderable diastema. On its posterior face the lower incisor has a cingulum supporting a 
small cusp. The upper incisors, too, arc separated by a long interval from the five 
cheek-teeth, and appear to have been three in number (Lcmoine considers the very small 
outer one to be the canine). The two outer pairs arc very small and unicuspidate ; 
the inner pair robust, generally trieuspidate, there being an anterior pair of cusps, and 
backwardlv an additional cusp, which starts from a kind of cingulum *. 

If we imagine the cusps of these upper incisors of Plcsiadapis to have become 
lengthened in accordance with a general change of the more brachyodont incisors 
iuto a hypselodont one, and their interstices tilled with cement, so that by trituration 
a level surface can be produced, the result would be a pattern somewhat similar to 
that of several of the figured Leporidie. The posterior cusp of Plrsiaihqrits, projecting 
from behind into the cavity f, would produce a posterior ramification like that of the 
Leporidie. 

The test will lie in the search for Tertiary Leporidie exhibiting an intermediate stage 
between the condition of the upper incisors of Plcsiadapis and that of recent Leporidie. 
An examination of the incisors of Pahcoinyas might decide the question. 

Genus I’aiaeolagus. 

PaUvolayus, from the Tertiary of North America, is represented by Leidy % and by 
Cope § as showing in the teeth only one character distinctive from the genus Lcpus, 
viz. the more simple conformation of the* anterior inferior premolar of the extinct genus, 
and of this character more hereafter. When, however, we go over the descriptions, 
accompanied by numerous figures, and an examination of originals, several of which are 
in the British Museum, we cannot but be struck at once by some very essential differ- 
ences in the triturating surfaces of the t wo genera. When do we ever meet with 
molars in auy species of Lcptts showing the complete absence of all traces of 
enamel, with the exception of part of the marginal border 1 This is the casein old 

* Lemoine, in Bull. Soc. Gcol. Franco, xix. 1, p. 278, pi. x. fig. ’>0, a, A, c (1891). 

t Lemoine, 1. c. pi. x. fig. 50, h, c. 

J IToc. Acad. Philadelphia, p. SO (1850); id. c Extinct Mammalia of Dakota and Nebraska/ p. 332, pi. xxvi. 
figs. 14-20 (1SG9). 

§ 4 The Yeriebrata of the Tertiary Formations of the West/ i. p. 870, pis. lxvi., lxvii. (1833). 
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specimens of Pahcolagus. The pattern ol' less worn teeth, too. is rather different from 
what occurs in Lupus. In none of the numerous triturating surfaces of PaLcolagns- 
teeth figured do we meet with a transverse fold penetrating so far outward as in the 
four intermediate teeth of Lupus, and in the true molars and posterior premolar of 
Lagomys. This is confirmed by Cope's description : — “ The inner side of the four inter- 
mediate molars is deeply grooved /or a short distance” (italics mine; of. Cope’s figures), 
“which gives a fissure-like notch on attrition. This disappears after use, as does also a 
less profound crescentic fossa in the middle of the crown, whose concavity is directed 
outward ” *. 

This statement, in my opinion, does not fully describe the pattern in young specimens, 
which seems to he very ephemeral in Pahrolagus. In a fragment of the right upper 
jaw of P. Hayden i in the Brit. 1\1 us . (5727), of which I give an enlarged figure 
(PL 36. fig. o(5), the alveolus of the second premolar (p. 2) is shown, and the three 
teeth p. 1, m. 1, m. 2 are seen in place. The empty alveolus of the premolar 
suggests that in its contour this tooth very much approached the corresponding tooth 
of Prolog ns orningensis (PI. 36. fig. 21), and to judge from what we find in the following 
tooth (p. 1) there is a strong assumption that the pattern of p. 2 of Pahvolagus also 
resembled that of Prolagus orningensis. P. 1 of Palueolagus exhibits the internal notch 
(o) with which wc are acquainted in Tilanomys and in the deciduous teeth of Prolagus, 
Lagomys , and Lupus, and which moreover persists as such in the premolars of Prolagus, 
in the second premolar of Lagomys, and in the anterior premolar of Lupus. In the 
premolar of Pahrolagus wc find, on proceeding inward, a crescentic central enamel 
islet in the centre of the crown, known already from the descriptions and figures of 
Leidv and Cope. It is, too, an old acquaintance of ours ; for to all appearance it is the 
homologue of the large internal enamel-fold (b) of Tilanomys, whose further history we 
have followed up in the other genera. But this is not all. Prom the antero-cxternal 
corner of p. 1 of Pahrolagus starts an enamel-fold in a postero-internal direction, 
terminating near the outer end of the crescentic fold’s posterior horn. Xo mentiou is 
made of this outer fold in Leidy’s and Cope’s descriptions ; it is, however, visible in 
one p. 2 of Cope’s figures (pi. lxvii. fig. 10 a); but 1 have not seen it delineated for 
the same tooth together with the crescent fold, as in the figure which I publish. Tlie 
outer fold just described is undoubtedly tbe homologue of the outer enamel-fold ( c ) 
of Titanomys, and I do not doubt that still younger stages of Pahrolagus — which 
have been figured by Cope, but in an unsatisfactory manner — will show a greater 
development of both the enamel-folds, and therewith a stronger resemblance to the 
pattern of the I’i/anomys-toeth and the posterior premolars of P/olagus. 

The true molars of Pahrolagus in the specimen figured exhibit only the crescentic 
central islet (b) and the internal notch. As stated by Cope in the passage quoted above, 
and as shown likewise by the illustrations of both the American writers, the internal 
notch and the crescentic islet are worn a wav bv attrition, without anv other change taking 
place. In this consists the great difference between tbe American fossil and all the forms 

* Oil o< 7, p. 870. 
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previously described in this paper. "While in all the upper grinding-teeth of Tilonomys 
the initial condition, two crescent folds and an internal notch, is retained throughout life, 
and this is more or less so in the premolars of Prolayns, in the molars of the latter the 
crescentic folds are worn away and the internal notch is enlarged to a transverse fold, s 
in the molars and p. 1 of Layopsis and Layornys, and in the molars and posterior premolars 
of Lepns s. 1. Milk-teeth and very young permanent molars of Lepm show, with slight 
variations, the pattern before described as characteristic of moderatelv-worn teeth of 
Paheolayns. No modernization takes place in the latter; the only change we perceive, 
by tbc further progress of wear, is the complete obliteration of the crescentic folds and 
of the notch on the inner side. In Lepns, the large crescentic fold of the deciduous 
teeth, and a small islet external to it — present in some of the species, and representing 
the external crescentic fold of Lagomyida? — disappear at a very early stage of the two 
posterior premolars and of the two anterior true molars, and arc replaced in the 
permanent teeth by the transverse fold already described. 

The permanent teeth of Paheolayns, therefore, can only be compared with the 
deciduous teeth of Lepvs ; like these (PI. 36. fig. 20), they exhaust their primitive 
pattern, without evolving a secondary one *. 

Paheolayns cannot find a place in our phylogenetic series ( Titauonnjs — Prolayns — 
Layopsis — Layornys). With regard to the condition of their upper cheek-teeth, the 
species of Paheolayns in which these teeth are known would follow after Tihnwmys. 
But thev are certainly not the forerunners of Prolayns, except in the form of the true 
molars ; while Prolayns is more conservative than Paleeolayns in the conformation of 
its two posterior premolars. On the other hand, Palce.olayns is certainly the forerunner 
of Lepns, and presumably its ancestor; and this cannot be said of the Lnyomyhhe, in all 
of which the upper m. 3 has been lost. 

To resume. — We have in the preceding pages followed the transformation in the 
pattern of the upper cheek-teeth on three lines: — (1) From genus to genus; (2) from 
behind forward in the dental series; (3) from young to old. 

(1). From yen ns lo yeans, we might almost say from species to species, the series is as 
follows: — P el y coiloid type ( Pelyeodns , Plesiadapis) — THanomys visenociensis — T. Von ton - 
-,/esi — Paheolayns — Prolayns (.enhtyensis — P. sard ns — Layopsis — Layornys — Lepns. 

Pelyeodns and Plesiadapis are genera of the Lower Eocene. 

Tilanomys appears in the Lower Miocene, and vanishes in the Middle Miocene. 

Prolayns appears in the Middle Miocene and lingers on, protected by an insular habitat, 
until the Neolithic period. 

Layopsis is at present known only from the Middle Miocene. 

Layornys makes its appearance in the Pleistocene and survives to the present day. 

Lepns, preceded by the Oligocenc and Miocene Paheolayns, appears with many of its 
present generic characters in the Lower Pliocene, and survives to the present day. 

* The remarkable IT are from Sumatra, jS\$olayvs JV* tsrlu ri. approaches P«ltrohf<i«s more than other recent 
Leporidie, inasmuch as, by the feeble development of the transverse enamel* fold (PL 37. fig. 17), it represents a first 
stage in the evolution of the secondary pattern. The same* form exhibits other primitive features, to be described 
later on. 
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(2) From behind fonvard in the dental series. — The true molars are the first to be 
transformed, and successively one after the other of the premolars, the anterior pre- 
molar (p. 3) being the most conservative. 

(3) From young to old. — The cheek-teeth of the genera under consideration exhibit, in 
the first developed parts of their shaft, more or less evident traces of the ancestral 
pattern; mostly so the deciduous teeth, which are east oil* when the primitive pattern 
lias almost vanished, and without showing a beginning of transformation ; least so 
the true molars, which in the first stages observable of the calcified tooth, and before 
trituration lias set in, show the primitive pattern already reduced and the secondary in 
process of evolution. 


Lower Molars of Lagomorptious Rodextta. 

To state it in a general way, the lower molars of the Lagomorpha present the 
same characters as their upper antagonists : viz. anteriorly in the series we meet with 
complication, posteriorly with a simple transverse pattern. On closer examination, 
however, it may be seen that in the mandibular teeth the process which we have followed 
through its various stages in the upper set is accelerated. Although it must betaken 
into account that we have one premolar less below than above, none the less — leaving for 
the present out of consideration the reduction which takes place at the posterior end 
(in. 3) — there is in the adult mandible only one tooth, the anterior, which differs materially 
from the others, hv being more complicated. In Tdanomys, the oldest member of the 
group, this tooth (p. 2) as generally described and figured, presents a more simple 
structure than in later genera, and even than do the other teeth of Titanowys , by being 
composed of only one column, divided into two lobes by an inner and an outer enamel- 
inflection ; whereas in the teeth situated posteriorly there are two columns, the division 
between them being complete ; they are held together by cement. 

We meet here with a phenomenon which is pretty general among Rodents, whether 
the number of their cheek-teeth be three, four, five, or six. To state it more fully : — 

1. The mandibular cheek-teeth precede those of the maxilla in the reduction of their 

number; we have instances of ( J, of and of ^ cheek-teeth, hut never of or f, or A 

2. Very frequently the anterior tooth in the lower series, whether it he p. 2, or p. 1, 
or m. 1, is more complicated than those behind ; which circumstance suggests that the 
complication has some connection with the anterior position of the tooth in question. 

3. When the anterior lower tooth is nearly or actually equal in pattern to those behind, 
this is generally so in older forms. Thus we find that in Winge’s Anomaluridm — 
including mostly Tertiary genera- — provided with four lower teeth, the anterior one (p. 1) 
is equal or subequal in size and pattern with the others, and sometimes even of smaller 
size. Again, in Muriche, with three inferior cheek-teeth, the geologically older forms 
have the anterior one (m. 1) equal or subequal in size with the two following, whereas 
the complication of the first molar appears only in more recent forms. The same is 
true with regard to tin 1 lagomorphous Rodentia, where the anterior tooth is p. 2, and 
in the oldest known genera (Titanomys, Fohvolagus) of a rather simple pattern. 

SECOND SERIES. — ZOOLOGY, VOL. VII. GO 


474 


DR. C. I. FORSYTH MAJOR ON 


The explanation which I suggest for these curious occurrences is as follows : — When an 
anterior tooth drops out from the mandible — generally through an apparent interference 
of the incisor with its pulp — some compensation for its loss is necessary, as the corre- 
sponding maxillary tooth is generally still in its place; this compensation is brought 
about by a complication on the anterior side of the tooth which has become the first in 
the series by the loss of the originally anterior one. Those genera which arc nearer in 
date to t lie epoch when the anterior tooth was lost will still present a less complicated 
form of that which has succeeded to this position, while in the later genera the 
foremost tooth will have acquired the complication. When p. 2 is dropped, p. 1 will 
become the foremost tooth, and the same cycle will recommence, and so on. 

I next proceed to a closer examination of the lower cheek-teeth, starting from those 
of TiUn/omi/s. A superficial comparison of the anterior tooth, j772, of this genus, with 
that of the other Lagomyidse, shows that in the former it is more simple than in 
the latter, and presents an approximately tetragonal outline at its triturating surface ; 
in Frolayus, Layopsis, and Layomys this is triangular (apex in front). Thus it 
is that we find the tooth generally described ; but on closer, examination the matter is 
somewhat more complex. I have figured five specimens of [>. 2 of TiUtnomys FontauncFt, 
from La Grive-Saint-Alban, in different stages of wear ; four arc isolated teeth 
(PI. 37. fi gs. 1-4) ; the fifth is in its place in a left ramus, presenting the complete series 
of two premolars and three molars (PI. 37. tig. 7). Of T. cisenucicnsis I have one speci- 
men, in a fragment of the right ramus, containing the two premolars (PI. 37. fig. 25). 
This species is from the Allier (Bravard Collection, Br. Mas. Geol. Dep. No. 31095). 
The first stage in T. Fontannesi (fig. 1) represents a tooth which has not yet come into 
wear. In the main it is composed of two lobes; the anterior is subconieal, the posterior 
is much more extended transversely, and composed of a tapering outer and a thicker, 
rounded inner cusp ; moreover, on the middle of its posterior surface appears a small 
cusp ( t ) ; the anterior surface of this lobe is wrinkled. Ev en in this early stage the 
separation of the two lobes is incomplete ; a ridge, running almost longitudinally back- 
ward, from the middle of the posterior side of the anterior lobe towards the posterior, 
shows that trituration would very soon have connected the two by a narrow isthmus of 
dentine, thus separating from each other an outer and an inner cnamel-i affection. This 
we see, in fact, brought about in the second stage (fig. 2). Towards the middle of the 
anterior margin of the anterior lobe, a feeble cusp is visible in the first stage (1, fig. 1) ; 
the same is more distinct in the second stage (1, fig. 2), where it is nearer to the inner 
side. This cusp, to all appearance, is Winge’s 1, Osborn’s paraconhl. Whether it 
contains potentially some other element I must leave undecided ; as a matter of fact, 
in the two teeth described, it does not occupy exactly the same position ; and in 
T. riscuocieiusits (1, fig. 25) it is more approximated to the outer side. What is called 
the paraconid is, however, somewhat inconstant in its position *. In p. 2 of T. cine- 


* Sec, tv/., the text-figures in W. D. Matthew, A Revision of the I’uerco Fauna,'' Bull. Am. Mus. Nat. Hist, 
ix. (1>U7). 
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noriensis (fig. 25) it is evident as a small vertical pillar, lying far below the triturating 
surface of the moderately worn tooth. 

To return to the second stage in Titanmnj/s Fontannesi. The inner of the two 
principal enamel-inflections resembles somewhat in outline its homologuc in Lagop.sis 
rents (PI. 37. fig. 20, p. 2). It is seen to he composed of two parts : a posterior, which 
communicates by a narrowed opening with the internal margin of the tooth, and thence 
runs straight towards the middle of the tooth, and an anterior circular one; the 
two communicating with each other by a narrow channel. The terminal cusp ( t ) is 
situated much nearer the inner side than in the first stage. I have dealt with this 
terminal cusp of the lagomorphous Roden tia on a former occasion, and homologized 
it with Osborn’s ht/pocomiUd * ; a view from which I see no reason to depart. In 
the third stage (fig. 3) this livpoeonulid is still apparent ; but the “ paraeonid ” has dis- 
appeared, and so has the circular part of the inner enamel-inflection. The transverse 
posterior part of the latter is on its way to he shut off from the inner margin, and to 
assume the form of a circular enamel islet. “ t ” is visible on the posterior internal edge 
of the tooth. In the fourth stage (p. 2 of fig. 7), the circular enamel islet is quite 
separated from the inner margin, and has become confluent with the outer enamel- 
inflection, so that the triturating surface of the tooth presents — if we except a small 
enamel fold limiting anteriorly the still extant t — only one enamel-inflection, pene- 
trating from the middle of the outer margin and approaching the inner. In the fifth 
stage (fig. 4) we find only the latter inflection, t also having disappeared. This tooth in 
its general outline again approaches the first stage. 

N o lower deciduous teeth of Titanounjs are at my disposal. Filliol has figured d, 
and d, of T. cisenoricnsis from Saint-Gerand-le-Puv (Allicr) ; from this figure nothing 
more can be made out than that in d. 2 the anterior part seems to he more produced 
anteriorly than in p. 2. Xo description is given of the triturating surface f. 

The anterior lower premolar of T. visenoriensis is distinguished from the same tooth in 
T. Fontannesi by the persistence of the enamel-inflect ion of the inner side in the adult 
(PI. 37. fig. 25) ; in the immature specimen figured by Gervais, and originally described as 
a separate species, T. trif obits, the two enamel-folds are confluent in the middle of the 
triturating surface, thus completely separating an anterior and a posterior lobe J. The 
terminal cusp (t) present in the specimen figured (PI. 37. fig. 25) must certainly be 
expected to be visible likewise in younger specimens ; Gervais makes no mention of it in 
this tooth ; in the profile view of the tooth, however §, there are two vertical grooves on 
the inner side. A small anterior pillar (“ paraeonid ”) on the anterior side (1), below 
the triturating surface, has already been mentioned as present in the British Museum 
specimen. 

* Free. Zool. Soc. London, p. 203. 

f H. Filhol, u Etudes des Mammif. foss. de 8aint-Gerand-le-Puv, Allier," Arm. 8c. Gc'ol. x. p. 20, pi. iii. tig. 3 
(1870). 

J Zool. et Pal. Fr. p. 51 : “ les deux lobes de la premiere [molaire] ny sont point encore minis Fun a l'aurre par 
un petit isthme d'i voire “ ; pi. 46, %. 1 (1856). 

§ Op. cit. pi. 40, tig. 1 c. 

GO* 
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AVe have to follow up tin's same tooth, [>772, in the other genera of Lagomviihe. In 
Layopsis rents (PI. 37. lig. -0), from the Middle Miocene of La Grive-Saint-Alban, the 
posterior transverse lobe of p. 2 is undivided, with no trace of t. The next anterior lobe 
is separated from the former by a T-shaped enamel-inflection on the inner side — which 
has already been mentioned as approaching in form its homologate in Titauoniys 
Foutauuesi (tig. 2) — and by an outer one. We have, therefore, here the two enarnel- 
intlections of T. riseuor ieusis and of the young of T. Foutauuesi . However, in Jjayopsis 

the lobe is more distinctly divided than even in fig. 2 (T. Foulannesi), into an outer 
and an inner cusp ; for in the former the T-shaped inflection extends more anteriorly, 
and the lobe is delimited in front by two smaller enamel-folds. These latter 
delimit on their anterior side two further cusps, an outer and an inner; the latter 
corresponds to 1 (paraeonid), as seen hy comparison with lig. 2 ; the former may 
correspond to the pillar which in T. risenoriensis (fig. 25) is nearer the outer than the 
inner side. In any case, in Lay apsis the anterior part of p. 2 is much more developed 
than in Titauoniys-, for we have, in the former, two comparatively stout cusps against 
one feeble cusp in each of the two species of the latter. Besides, there is in Layopsis a 
small odd euspidule, situated in front of tin* anterior pair, and in the middle line of the 
tooth, to which it gives a triangular form. 

The principal dillercnce in Layotnys, to which Layopsis is nearly related, consists in 
the fact that the characteristic T-shaped inflection of the Layopsis p. 2 is either 
absent or replaced by a slight indentation of enamel. The latter is the ease, e.y., in 
Layout ys rati tas*, the former in L. alpiaas and Ij. nepaleusis f. Moreover, the odd 
anterior euspidule has vanished in Layotnys. 

In Frolayas also the anterior part of cl. :2 is much more complicated than in p. 2 of 
Titanomys. Big. 5, PI. 37. shows this tooth of Frolayas sard its , var. corsiranus, from the 
ossiferous breccia of Toga, near Bastia (Br. Mus. Geol. Dep. No. M3LSG); tig. 0, the 
same tooth of the Miocene Frolayas antinyettsis from La Gnve-Saint-Alban ; both fiom 
t lie left side. I have still younger stages than those figured of tiiis deciduous molar, 
showing the posterior lobe completely separated from the middle one. The anterior 
lobe of d. 2 of F. aatiuyettsis (tig. 0) is tripartite, as in Layopsis, but the odd anterior 
euspidule is less distinctly divided from the inner than in the latter genus. In 
the tooth of F. uatinyensis the whole tripartite lobe is connected only by cement 
with the vest of the tooth ; in younger stages it is still more divided into a smaller 
external cusp — which is isolated, also, in the d. 2 of F. sard us figured (tig. 5) — and a 
larger internal one comprising both the “ paraeonid, - ’ 1, and the odd anterior euspidule. 
The isolated small external cusp of F. sardas is situated far below the triturating 
surface ; the inner larger one, showing no separated odd euspidule, is connected on its 
inner side with the rest of the tooth, as happens likewise, though very rarely, in the 
corresponding permanent tooth, p. 2, of the same genus. In still more advanced stages 

* For a figured specimen of this tooth see E. isobath “ Uebcr Layout ys rutilus, Sevort/.otf,” Sep.-Abdr. aus Zool. 
Jahrb. ii. p. 0!>, fig. b. 

■f !!. lleusd, “ lteiliiige z. Keuntn. fossiler Saugclbiere,” Zeitschr. doutseh. geol. ties. viii. pi. xxvi. figs. 2 & (i 
(IS.30). 


FOSSIL AND RECENT LAGOMOKP1IA. 


477 


of wear of the deciduous tooth of Prolagns, the whole of the anterior tripartite lobe 
appears invariably connected with the posterior part of the tooth by a dentinal isthmus, 
thus giving the whole tooth some resemblance to m. 1 inf. of a vole; and it has, in 
fact, been mistaken for a molar of Microtns. 

A characteristic feature of the anterior lower premolar, p. 2 , of Prolog us, is an odd 
isolated eusp or pillar, connected only by cement with the rest of the tooth, and 
situated on its anterior side, thus giving to the whole tooth a triangular outline, as in 
Lagopsis. In Prolagns aatiugausis (PI. 37. fig. !)) this cusp is situated near or close 
to the middle line; in P. sunlns *, of which I have examined hundreds of specimens, 
its position is nearer the inner side. As before mentioned, in very rare eases of 
P. sarcitis, this usually isolated eusp is united with the tooth near the inner side, as in 
d. 2 of tig. 5. In other cases of P. ceningensis (tig. 12, PI. 37.) and P. sanlus, it may 
he united with the tooth near its outer side. This latter fusion 1 found to have 
taken place in 11) specimens ot j>. 2 out of 573 examined, from the ossiferous breccia 
of Monte San Giovanui (Sardinia) (P. sarcitis), and in two cases out of St examined 
from Toga, near Bastia (P. sarcitis, var. Corsican us). The cusp was united with the 
tooth near the inner side in two of the 575 examples from Monte San Giovanni. 
Cusp “f ” I have met with only in p. 2 of Prolagns elsctuns (page ICO). 

A comparison with the specimens before described shows the usually odd isolated cusp 
to be the homologue of the " paraconid ” combined with the anterior odd cuspidule of 
Lagopsis, while the outer cusp of the tripartite anterior lobe is present, also, in p. 2; in 
P. (ruin gras is it is generally stouter than the outer cusp ((J) of the median lobe, whereas 
in P. sunlns the inverse is the rule. In exceptional cases of P. sarcitis I find this outer 
cusp of the anterior lobe completely isolated, as it is in the deciduous tooth of tig. 5. 

A second characteristic feature of the p. 2 of Prolagns (figs. 9, 12) is a longitudinal 
enamel-fold, tilled with cement, which, beginning from behind the isolated anterior 
cusp, proceeds backward to near the hinder margin of the tooth, thus completely dividing 
the middle lobe into an outer and an inner cusp, and incompletely so the posterior one, 
on which it also encroaches. The longitudinal arrangement of the elements of this p. 2 
of Prolagns, in opposition to the transverse arrangement of the posterior teeth, is verv 
striking. 

I now proceed to a consideration of the same tooth in the Lcporidae. With reference to 
p. of Pctlccolttgus, Leidv slates: — t; Thc anterior four inferior molars [of Piiheolayus] bear 
a near resemblance in form and constitution with the corresponding series of Tdauouigs 
cisenociensis, as represented in pi. 10 of Gervais’ Zook et Pal. Pr.” f. Comparing it with 
the same tooth in Lepus, Leidv further says in the original description of Pahcu- 
lagtts: — “The first inferior molar is bilobed, and not trilobed as in the latter (Lepus)” j. 
In his second memoir the first inferior molar of Pahcolagus is said to be composed of a 
double column as in the others, t lie same tooth in the flare of a triple column §. Cope 

* II. Hensel, L e. pi. xvi, fig*. S. 

t 4 Extinct Mammalian Fauna of Dacota and Nebraska,’ p. tfTfcj, pi. xxvi. (iMib). 

J Proc. Ac. Pkilud. p. S!) (Is'jG). 

§ Extinct Mamm. Fauna, &e., p. 331. 
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supplements this description by the following information based upon a great number of 
remains : — “ 1 am able to show that it is only in the immature state of the first molar 
that it exhibits a double column, and that in the fully adult animal it consists of a 
single column with a groove on its external face”*. A more complete description is 
given on p. 878 : — “ There is the merest trace of a posterior lobe ” — corresponding to the 
terminal lobe (t!) of T/faitovti/s — “at this time, and that speedily disappears. The 
anterior lobe is subconical, and is entirely surrounded with enamel. By attrition, the 
two lobes arc speedily joined by an isthmus, and for a time the tooth presents an 
8-shaped section, which was supposed to be characteristic of the genus. Further 
protrusion brings to the surface the bottom of the groove of the inner side of the shaft, 
so that its section remains in adult age something like a B.” From this description it 
appears that p. 2 of Falceohu/es Hay deni is almost exactly like the same tooth in 
Titanomys Foul an nest. 

The difference between the p. 2 of Faloeohujes and Lopes is stated by Cope to be ns 
follows: — In the extinct genus the first tooth “ consists of one column more or less 
divided. In Lopes this tooth consists of two columns, the anterior of which is grooved 
again on the external side in the known species.” Leidy’s description of the Leporine 
p. 2, as being composed of three lobes or columns, is more accurate. It is quite t rue 
that in the adult p. 2 of many Leporidte appears to he composed of two columns, with 
an additional antero-c sternal enamel -inflect ion (see Fl. 37. figs. 13 A 19); hut by no 
means universally so, and, so far as my experience goes, it is never so in the young 
(PI. 37- figs. 8, IS, 22, 23). 

In the immature p. 2 of Ljcpus s. 1. (PI. 37- figs. 8, 22), as well as in the immature stage 
of all the other inferior molars of the same, the posterior and the middle-lobe column are 
completely divided ; only in later stages a very narrow isthmus of dentine connects them 
on the inner side (PI. 37- figs. 13, 20, 23). The fact of a primary separation into two 
lobes of the inferior molars of Lopes was first announced by Uilgendorf +. 

The unworn lower p. 2 of the "Wild Babbit (PI. 37- fig- 8) displays anteriorly the 
anterior of the three columns completely divided into a smaller outer and a larger inner 
subconical cusp; this division is brought about by a longitudinal enamel-inflection, 
which invades part of the middle lobe as well, so that the latter is also divided, though 
incompletely, into an outer and an inner cusp. (Compare the homologous enamel - 
inflection of Proloyes, tig. 9.) 

Passing on to the lower cheek-teeth backward from p. 2, the various stages which I 
have represented in PI. 37 show in the lower molars the simple transverse pattern of the 
two lobes of p. 1 ; m. 2 is a secondary one, as in the upper teeth, though in the inferior 
molars the original pattern is much more ephemeral, least so in p. 1, which forms a 
transition between p. 2 and the true molars. 

* ‘ The Yertebrata of the Tertiary Formations of the West/ p. *74, pis. 50 & f>7 (1SS3). t Op . at. p. *70. 

i “ Best ebon die miteren Baekziihne anfangs aus zwei getreuuten Sehmolzlamellcn, Welclio erst spiiter mit 
cinandcr verw aelisen, so class ein wesentlicher l nterschicd ZAvisehcn zusammengesetzten nnd sclimclzfaltijyen Ziihnen 
dcr hascnnrtigen Tliiere nielit zu machen ist. v Ytonatsher. d. K. prenss. Akad. d. Wi.ss. zu Berlin. Sitzg. v. 14. 
Dec. 1805, p. 07*1 (1800). 
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These teeth, as a whole, exhibit in younger stages a greater longitudinal diameter than 
in the adult ; this is notably the east* in Titanomys (PI. 37. tigs. 7, 10, 24), and is chielly 
due to the greater development and independence of the terminal cusp ( t ). 

The youngest mandible of Titauomys which I possess is a left ramus of T. Fontannesi 
(Br. Mus. Geol. Dep. M52G7 b), figured PI. 37- tig. 10. P. 2 and m. 3 have dropped 
out. Flanking the three corners of the alveolus for p. 2 are visible the small 
alveoli lor the roots of deeiduous teeth ; the anterior and the postero-external seem to 
belong to d. 2 ; the postero-intemal was presumably occupied by the anterior root of 
d. 1. P. 1 is still in the socket and had not yet come into use. Both the principal 
lobes composing this tooth are surrounded by enamel; but the wrinkled central surfaces 
of the lobes are composed of dentine, with the exception, perhaps, of the summits of some 
of the wrinkles, which, to judge from their shining appearance, may bear a very slight 
coating of enamel *. In p. 1 and the true molars of adult Titanomys Fontannesi, the 
enamel bordering appears interrupted in the middle of the anterior margin (PI. 39. 
tig. 0 a), llilgciulorf has recorded a similar instance of the absence of the enamel 
bordering on the inner half of the anterior border in the lower cheek-teeth, p. 2 
excepted, of Lepus f. The anterior transverse lobe of p. 1 (fig. 10) still shows 
traces of having been divided originally into an outer and an inner cusp and of the 
“ paraconid " on its anterior border ; vestiges of the latter are visible also on p. 1 of a 
slightly older individual (fig. 1C, of the right side), and on m. 2 of the same right ramus. 
The terminal cusp t (“ liypoeonulid ”) is present in both p. 1 and in. 1 of the younger 
specimen (fig. 10), as well as in p. 1, m. 1, and m. 2 of the second individual (fig. 1G), 
and in p. 1 of a third (fig. 21, right side). In the left ramus, exhibiting the complete 
series of five cheek-teeth (fig. 7), t is present in all of them. In p. 1 of T. visenooiensis 
(fig. 25) it is remarkably large, although partly fused with the posterior lobe ; and it 
is equally present on the posterior border of m. 1 and m. 2 of the second specimen of 
T. cisenociensis (fig. 21); so that, contrary to what has been stated by former writers, the 
cuspidule in question may be present in all the four anterior cheek-teeth of this species. 

Passing on to the recent representatives of the family, it may be seen from fig. 22 
(PI. 37-), of an immature Caprolayas liispklus, that p. 1 nearly approaches p. 2 in its 
anterior complication. The two principal lobes are not yet connected on the inner side 
by a dentinal isthmus, but arc merely held together by cement ; the anterior lobe is 
distinctly composed of an outer and an inner eusp, the latter being more pointed and 
slightly higher than the former. The anterior border of the tooth presents two minor 
cusps, an outer and an inner, the median odd cusp of p. 2 being absent. Both the lobes 
show a very marked wrinkling of their surface. As in p. 2, t is apparent on the 
posterior margin of the seeond lobe. 

Two very distinct minor cusps are likewise visible on the anterior border of p. 1 of the 

* We have here an instance similar to that recorded by Ilensel in 31 us decumantts , rattus , iuuscidns y sylvat ictus, 
CMjro.rius , aud miuutus, where in perfectly unworn molars “ iiberzieht dor Schmelz die I locker der Zahnkrone uiemals 
vollstandig, sondern lasst an den ^pitzen das Zahnbein frei hervortreten.” Zeitschr. d. deutsch. geol. Ges, viii 
pp. 2S3, 2.54, pi. xiii. figs. 2, 3 (l^oO).) 

t Sitzungsber. Ges. uaturf, Freunde zu Berlin, 14 Jan. 1334, p. 23. 
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Rabbit (fig. 8) ; the first lobe of the same is mainly composed of an outer and an inner 
cusp, separated by a median hollow ; the second lobe is wrinkled as in p. 2 of the same 
species. The minor cusps, though less distinct, arc visible also in m. 1 and m. 2 of the 
Rabbit, in m. 2 almost vanishing. I have noted their presence in the true molars of 
young specimens of other species as well ( Lrpas rurojxpus, Lepits sp. from China, 
Sylcilagns bntsUicnsis ) : f is generally present in unw orn deciduous teeth, in premolars, 
and in molars of several Leporidee. 

To sum up the above as regards the lower cheek-teeth, p. 2 — m. 2. An original 
arrangement into outer and inner cusps, separated by a median longitudinal valley, is 
traceable in the lower molars of Lagomorpha generally. It is more distinct in the 
anterior cheek-teeth, and persists throughout life in p. 2 of most genera in both families; 
it is less distinct, though perfectly perceptible, in true molars, in which it very soon 
disappears by wear, being replaced by the transverse arrangement. In p. 2 we have to 
distinguish between an older complication and secondary additions ; the increase in the 
plication alone is present in the posterior cheek-teeth, the anterior cusp not. On 
comparing adult stages of p. 2 of Titunonnjs with the corresponding tooth of all other 
Lagomorpha which, on the whole, are more recent forms, the latter appear to ho more 
complicated ; but in young stages p. 2 of Tituuom i/tt Fonlaiuirsi presents also a com- 
plicated appearance. This cannot he an incipient complication, for that part of the 
shaft of the tooth which is situated on the opposite end of the pulp-cavity is, as a matter 
of course, always the oldest. llilgendorf has found the interruption of the enamel 
border on the inner side also of lower molars of Lojtus *. a fact which points towards 
a degeneration of this part of the tooth, and would seem to call for a compensatory 
increase on its outer side. However. I am not aware of a perceptible additional increase 
on t lio outer side of lower molars of more recent forms, as compared with older ones f. 

Upper molars are more progressive than lower as concerning occasional additions. 
An ingenious explanation of this general occurrence is given by AVinge in the following 
remark: — -‘The explanation of the maxillary teeth making a larger increase than those 
of the lower jaw is in all likelihood the follow ing : they arc placed in an unmovable 
hone, where the conditions for nourishment are more favourable than in the compara- 
tively slender and movable mandible ” In our special case an increase of the lower 
molars in the transverse direction can be tin* more dispensed with, since in t lie Leporidre 
the movement of the jaws is chiefly lateral. This will not bo denied by any one w ho has 
ever examined the shape of their glenoid cavity or watched a Rabbit or Hare chewing. 
Moreover, the dentine of both upper and lower cheek-teeth shows unmistakable signs of 
this movement, in the presence of transverse stria*, due to the action of the transverse 
enamel crest of the opposite tooth. 

It remains to discuss in some detail the last molar, ni. a, about which very divergent 
views have been put forward. 

* Op. ci(. p. 23. 

t K either am I aware of lacuna* on the internal enamel bordering of any Lngomyidm ; hut T must, add that no 
sections were made. 

X Vidcnsk. YFeddelelsor naturhist. Forening i Kjdhenlwmi f. Aar. 1SS2. p. 17 (2 S N>). 
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Fig. 7, PI. 37, shows this tooth in place in a left mandibular ramus of Titanomys 
Fontannesi. It is not a simple cylinder, as in Layopsis and Layomys, hut is composed of 
tno lohes, a larger anterior one and a small posterior, attached to the foimer in the 
same manner as in the anterior molars the terminal cusp ( t ) is attached to the lohe 
preceding it, viz. separated from it by cement, only in the upper part. For this 
reason, and because the anterior lobe of m. 3 shows traces of greater complication, 
1 homologize the posterior lohe of this tooth with t of the anterior molars ; the anterior 
lobe of m. 3 would then represent both the principal lobes of the anterior molars. 

IVlien discussing the tooth-formula of Titanomys , allusion was made to Filhol’s 
suggestion that the terminal cusp of m. 2 of T. tfisenoviensis might he the representative 
of m. 3 of the recent Layomys, in the specimens of the former where this is missing. 
“ Si cette opinion est juste, on pourrait en tirer comme conclusion qu’a un certain 
moment, sur les animaux voisius des Layomys , il v a unc tendance a la simplification du 
systeme dentaire, d’ahord par la fusion de la dernicre dent avec l’avant-derniere, et 
ensuite par la tendance a la disparition de cet clement soude ” *. Filhol here ignores 
the circumstance that all the anterior teeth have this “troisieme lobe ” as well, while in 
their case we have not at our disposal an occasional small isolated tooth to suggest a 
fusion theory. Besides, as was said before, this theory may he at once disposed of hv a 
glance at our fig. 7, showing m. 2 with a well-developed terminal cusp (t), m. 3, the 
supposed homologue of this latter, being likewise present. Other figures also (tigs. 10, 
16) show m. 2 with the terminal cusp, together with the alveolus of m. 3. 

As will be seen further on, Schlosser seems to incline to the opinion that the presence 
of a terminal cusp in m. 2 of T. cisonocicnsis is an indication of m. 3 having become fused 
to m. 2 ; for lie says that m. 3 of Layopsis corns may he the analogue of the terminal 
cusp (t) iu m. 2 of Titanomys f . It is, however, difficult to make out what meaning 
lie wishes to attach to this vague term “ Analogon ”. 

Layopsis . — The type-specimen, llensel's Layomys earns $, has five lower cheek-teeth, 
the last being a small cylindriform tooth, precisely as in the recent Layomys, to which 
Layopsis is closely related. The tooth in question was not complete in Hensel’s 
specimen, but a fragment seems to have remained inside the alveolus ; else he would 
have presumably used the term “ ausge fallen,” whereas he says, speaking of the condition 
of this tooth, that it is broken away (“ weggcbrochen ”). 

Three more or less complete mandibular rami, from Deggenhausen, Elgg, and Ilolien- 
lioven respectively, arc mentioned by II. v. Meyer, and drawings of their teeth, found 
among H. v. Meyer’s MSS. have been reproduced by Schlosser §. They show an 
agreement in their p.I> with Hcnsel's Layomys corns, and Schlosser therefore concludes ||, 
rightly, I think, that they are of the same species. lie further deems it not improbable 
that Layomys ccninyeusis, II. v. Mev., from CEningen may be identical with Layomys 

* Ann. Sc. Ueol. x. j>. 2S (1S79). § Op. cit. p. 31, pi. mi. figs. 40, 40, 49. 

t 4 Xager des europ. Tertiars,* p. 02 (1884). >| Op. cit. pp. 31, 32. 

+ Zeitschr. d. deutscli. geol. Ges. 1850, p. 08S, pi. xvi. * r Op. cit. p. 32* 

figs. 12, 13. 
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vents, Ileus.” That this is true with regard to the (Eningcn specimen in the British 
Museum has been shown on p. 402. I can affirm the same for the Seyfried specimen* * * § 
at present in the Constance Gymnasium, where I examined it and found it to have 
the characteristic pT2 of Lagopsis vents. With regard to the Carlsruhe specimen t, 
since the shape of its p7"2 cannot be clearly made out from II. v. Meyer’s figures 
and description, the true position of this “ L. ceuingensis, II. v. Mey.,” cannot be 
satisfactorily determined for the present. It might quite as well be a Titcmomys 
Foutamiesi. In the former, as well as in the specimens from Deggeuhausen, Elgg, and 
Hohenlioven, no last molar (mTs) could be seen ; as, however, this tooth is very caducous, 
its absence in the fossils is not in the least conclusive ; it may have dropped out and the 
alveolus been filled with matrix. Nor does Schlosser attach any great weight to the 
absence of this small tooth in the three specimens drawn in II. v. Meyer’s MSS. ; 
this, however, for reasons with which I completely disagree. “ Auf das Fclileu des 
letzten einfaehen Backzahnes bei den drei von II. v. Meyer gczeichneteu Exemplaren 
darf Avoid nieht allzuviel Gewicht gelegt werden. Es ist nicht unmoglich, dassauch bier, 
Avie bei Titanomys oisenociensis, im normalen Kiefer uur 3 zweilobige Molaren A'ovhanden 
sind, und dass dalier der stiftformige m. 4 ” (meaning m. 3) “ des llensel’sehen Originates 
als Analogon des bei T. ciseitocieusis abnorm vorkommendeu Lobus des m. 3 ” (meaning 
m. 2) ‘•betrachet werden muss.” J 

This AA'hole statement is somewhat vague; the author seems to assume (1) that in 
T. rtsenorieusis both the m. .3 and the third lobe (/ in my figures) of m. g occur only 
abnormally; (2) that in “ La goings rents” the presence of m. 3 is equally an abnormal 
occurrence. From these two assumptions the inference is drawn that m. in the type 
of Lagomys rents is the analogue of the equally abnormal third lobe in m. 2 of 
T. cisenociens-is. Schlosser concludes by saying that he is almost inclined to consider 
the presence of inNi as a juvenile character, and that this tooth is caducous (hinfallig). 
This is very probably true with regard to T. riscnocieusis, and I have myself suggested 
it in the preceding pages. But it is decidedly erroneous with regard to lnTiT of Lagopsis 
rents, as are all the other suggestions tentatively put forward in the passage quoted. 
With regard to T. risenoviettsis, the matter has been fully discussed abo\ r e. As to the 
m. 3 of Lagopsis rents, in all my specimens from La Grivc-Saint-Alban, either the tooth 
itself or its very distinct alveolus is present (PI. 37. figs. 1 1, 20). Dcperet, too, has before 
figured a mandibular ramus of Lagopsis rents from the same locality, shoA\ r ing the m. .3 § ; 
and Biedermann has described this same tooth in specimens from Elgg. 

Pvoktgns. — There is no third inferior true molar, m7.3, in this genus ; m. 2 is composed 
of three lobes, the posterior connected with the middle one by cement, in the same 
way as the latter is Avith the anterior one. From this circumstance Pomel concluded — 
ust as Filhol has in the case of Titauomys — that in Prolagtts m. .3 had become fused 
with m. 2. Of the Prolagits oeaingeasis of Sansan, he says; — “Ceux de Sansan different 

* II. v. Meyer, “ Fossile Saugethiere, ete., von (Euingen.’’ Fauna cl. Vorwelt, p. 0, pi. iii. tig. 1 (lS4o). 

t lb. pi. ii. fig. I. 

i Oji. dt. p. 32. 

§ Arch. Mils. Lyon, iv. p. 104, pi. xiii. figs. 10, 10 a (1587). 
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encore, coniine sous-genre, par la deruiere molaire infericurc, qui a trois prismes par 
reunion do la cinquieme inolaire a la quatriemc ” *. Fraas holds the same opinion f. 

This theory would at first sight seem to be supported by what Dcperct has Found 
in the Prolaym of Roussillon. He figures two mandibular rami ;£, in one § of 
which he records five cheek-teeth, in the other || only four ; and he goes on to say : — 
“ Cette difference est moiiis importante qu’ellc no pent scmbler an premier abord ; 
ellc tient simplement a ce que le dernier prisme d'email de la serie dentaire est soude 
an prisme precedent dc la quatriemc molaire dans l’liue de ces mandibules, tandis que 
ce meme prisme libre constitne une cinquieme molaire dans la fig. 29. Cette soiulure, 
qui se fait d’aillcurs uniquement par I’iutermediaire d’unc certainc quantite dc cement, 
lie me parait pas avoir l’importance qu’on lui a attribute pour la distinction des deux 
genres Layomys et Prolaym, pnisqu’elle est variable suivant les sujets dans lc petit 
Leporide dc Roussillon ” * * §r . 

I agree with Prof. Dcperct that this difference has no great importance in the Roussillon 
jaws, though not for the reasons adduced, for I apprehend he is mistaken when he 
institutes comparisons with Layomys , and considers that the isolated prism of his 
fig. 29 “constitne une cinquieme molaire.” II. v. Meyer met with similar occur- 
rences among twenty mandibular rami of Prolayns oaih/yeiisis (Kim.) from Steinheim, 
and refers to them in the following words : — “ In some instances one might be induced 
to believe that the posterior of the three prisms constituting the last molar is separated, 
so that the creature would have the character of Layomys ” ; but he judiciously 
adds: — “ On closer examination, however, it can be seen that the posterior prism is 
included in the alveolus of the rest of the tooth, so that it evidently is part of the 
latter” (“ dass das hinterste Prisma nioht dureli die Alveole von dem iibrigen Zalin 
abgesclilossen ist, zu dem es da her offenbar nocli gebort) ” **. Numerous mandibular 
rami of the Prolayns aminyensis from La Grive have passed through my hands, as tvell 
as from GOO to 700 of P. sanhts from the Corsican and Sardinian ossiferous breccias and 
caves. Not unfreqnently 1 found the third prism of m. 2 separated from the rest of 
the tooth; but by the criterion established by H. v. Meyer there could never be a doubt 
as to the interpretation, which invariably was that, either by fracture or by the weathered 
condition of the cement, the last prism had been separated from m. 2 ; as are likewise, 
though more rarely, separated from each other the two prisms of the anterior teeth. 

I do not doubt for a moment that the same explanation will hold good in the case of 
the Roussillon specimens. In Prolaym each of the prisms has its alveolar niche 
•formed by two partial septa starting from the outer and inner alveolar border ; but these 
must not be confused with the complete septum separating one alveolus from the 
other. 

I consider the third prism of m. 2 of Prolaym to be the homologue of t of the 

* Cat. moth, et descr. Vert. loss, du Bassin de la Loire et de FAllier, p. 43 (1853). 

f AVurttemb. natunv. .Jahresh. xxvi. p. 170 (1870). 

X Anim. plioc. du Boussillon,” Mem. 8oe. Cool. France, i. p. 57, pi. iv. (1890). 

§ Oj>. cit. pi. iv. figs. 29, 29 a. 

|| Op. cit. pi. iv. figs. 2S. 28 a. • Op. cit. p. 57. ** Xeues Jahrb. 1SG5. p. SI3. 
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Titauomys- teeth ; and that m. 3 having' becu lost in the former genus by some means or 
other, the terminal cusp of n>. 2 has become enlarged in compensation. Wc have 
numerous analogies for similar occurrences, but we have none for the ever-recurring 
theories of fusion between tooth and tooth, which on closer examination always break 
down. This notwithstanding, we shall still hear of them, since they yield the explanation 
which lies nearest at hand. 

Again, although Prolagus presents in its molars, at least in the upper ones, more 
primitive characters than Zagopsis and Zagomys, it cannot be considered to be the 
direct ancestor of these; for it cannot be surmised that a tooth— in. 3 — after having- 
been lost, reappears in a later genus. Hilgendorf regards m. 3 of Lepns as a recent 
acquisition, for he terms it “ phylogenetisch dev jiingste (Zalm) ” * ; presumably for 
the same reason for which he considers the maximum of enamel-plication observed by 
him in upper incisors (of “ Zepus me.vicamt s”) to bo “phylogenetisch cin Extrcm ” +, 
because there is no trace of it “ bei den fossilen Loporiden-Gattnngen ( Myo/agus ).” 
There is no good reason for considering the Alioecnc Prolagus ( Jlyolagits ) in the 
ancestral line of Zepus , simply because no true Leporida* have been found in the 
European Miocene ; nor in inferring from the various primitive characters of Prolagus 
that the absence ofhi.dj is a primitive character as well. Besides, Hilgendorf docs not 
take into consideration the fact that Zagopsis and Titanomys , both of which are contem- 
poraneous with and even partly ( T . risetioviansis) older than Prolagus, possess a m. 3. 
I presume that, for similar reasons, Hilgendorf would consider the m, 3 of Lepus a recent 
acquisition also; and here we must remember that the Oligoccne Pahoo/agus has 
both m- 3 and m. 3. 

Noack describes the last lower molar of young Lepus sa.ra/i/is as composed of two 
antero-posteriorly placed cusps, which seem (“ «clieinbar ”) to be separate, but at any rate 
(“ jedenfalls ”) are only loosely connected, which makes it doubtful whether they ever 
coalesce to forma compact tooth. This conformation of m. 3 is in the author’s opinion a 
sufficient justification for the following generalization: “Jedenfalls ist im TJnterkiefcr 
von L. sa.ra/i/is nocli die Tendcnz zu G Backenztilmen vorlianden.” j Why not, while we 
are at it, towards eight ? — since it is stated immediately afterwards that the same 
partitioning of the two lobes is also visible in two of the anterior molars. The 

* Sitzungsber. d. Gcs. naturf. Freundo Berlin, Sitzung v. 1.3. Jaunar 18*4, p. 23. 

t Op. cit . p. 20. 

+ Th. Xoack, l ‘Xe ue Bcitrage zur Kenntniss d. Siiugethier-Fauna voq Ostafrika,*’ Zool. Jahrb. Abth. f. 
Syst. ote. vii. p. 545 (1693). The writer of this pamphlet has examinod numerous dentitious of fcetal and young 
Rabbits, aud “ L. vnhjaris" (meaning L . europaus), and finds among other things in their cheek-teeth eus])s which 
are absent in the adult. So far, good. Apart from this, his descriptions and generalizations show on almost 
every line that, he has approached this difficult subject without sufficient scientific training. Hilgendorf’s .short 
sentence of 1865 : Die oberen Backzahne jnnger Hasen sind mit einer halbmondformigen Schmelzrdhre versehen, 

wodureh ein Uhergang zu dem fossilen Mpohujus gebildet. wird,” — is of infinitely higher scientific value than the 
pages filled with laborious descriptions in the paper quoted. If the author had taken Hilgendorf s words as a 
starting-point and a guide in the investigation of upper leporine cheek-teeth, he might have been able to 
do some useful work. He knows about tritubereular teeth ; he also seems to be aware that on one occasion 
tho molars of 1 agora orphous Rodents have been compared with those of diprotodont Marsupials, aud that 


FOSSIL AND liECENT LAGOMORPHA. 


485 


numerous juvenile dentitions which were at the author's disposal might have shown him 
that the separation of the two lobes is characteristic of young stages in the inferior 
cheek-teeth of Lepvs generally. 

The Boxy Palate ix the Lagohohphixe Skull. 

The greatly reduced bony palate is considered to he one of the characteristic features 
in the skull of Lagomorpha. At first sight the only difference in this respect between 
Leporidse and Lagoniyuhe appears to be that in the latter family the palatal bridge is 
shorter than in Leporidie. On investigating the matter more closely, however, it may 
be seen that in Leporidee the bony palate is shortest in the genus Lepns s. str., viz. in 
those forms which are most specialized for running and leaping ; and that the 
shortness is principally due to a reduction in length of the os palatinum. In Lagomyidaj, 
on the contrary (PI. 39. figs. 34, 30, “/>”), the latter bone is comparatively elongate, 
while the part of the bony palate formed by the maxillaries (m) is greatly reduced, so 
that in some cases the latter do not even join in the middle line anteriorly, the middle of 
the anterior margin of the palatal bridge being formed by the palatine boues. As seen 
from the figures, Prologus (fig. 30) is in this respect scarcely different from Lagomgs 
(fig. 34). 

It might, a priori , be expected that this specialization of the Lagomorpha mil be 
reduced to a minimum, in other words that the honv palate will be longest, in the oldest 
members of the group, and this is in fact so. Cope describes this part of the skull 
of Palceolagus as follows : — “ The palatine bones arc flat and occupy more than half the 
palate between the molars. Their common suture is at least as long as that of the 
maxillaries, and extends as far forward as the posterior border of the second molar. From 
this point the anterior suture extends to the posterior border of the third molar. The 
palatal notch is rectangular, and is not wider than the palatine bone on each side of it.” * 


some phylogenetic speculation has been based thereon. The author avails himself of these two types, the 
tritubercular and the diprotodont, in tracing two primitive types in the teeth of one species, Lepns sa.eutiUs ; the 
anterior upper cheek-tooth is referred to the tritubercular type ; the conformation of the two anterior lower teeth, 
on the other hand, “ decidedly suggests the molars of Kangaroos and Wombats, and makes it probable that the 
ancestors of the Lagomorpha were Marsupials, holding about the middle between Phascolonit/s and Lar/orehestes” 
(p. 545). l»y the cheek-teeth of its ripe embryo, the Wild Rabbit is far removed from Lepns europit ns (p. 553); and 
tho ckeek-tcelh of the latter were evolved from the tritubercular type (p. 551). The rabbit's skull approaches the 
Marsupial type (p. 551). The author seems to be unaware of the existence of deciduous cheek-teeth in the Leporidie. 
On p. 540, tlie anterior of the upper cheek-teeth is twice termed p. 1. Supposing that we have really to do with 
a premolar, the anterior premolar in the upper series would be p. 3, according to Hensel's mode of writing, adopted 
by tho present writer, er p. L?, according to the usual custom, but under uo circumstances p. 1. Considering, 
however, that the two teeth referred to by Prof. Xoaek belong, the one to a mature, the other to an unripe embryo 
of L< europa us , in which species the tooth-change takes place only some time after birth, the alleged p. 1 is in 
reality a d.3 (d.2 of authors). On pp. 544 and 545 the remarkable circumstance is noted that in the half-grown 
L . sa.ratilis the second and third anterior upper cheek-teeth arc more retarded in their development than the same 
teeth in embryos of L. europa us. The very obvious explanation is that those of the former species are premolars, 
those of the latter deciduous teeth. 

* E. D. Cope, ‘The Vertcbrata of the Tertiary Formations of the West/ i. p. 875 (1870) pi. lxvi. figs. I, 4 
41883). 
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Tlie only known palate of Titanomys is that figured by Filhol * * * § , wliicli too is elongate. 
According to him +, the length of the palatal bridge in Layomys and Titanomys 
respectively is as follows : — 

millim. 


Layomys tibetanus O' 00:1. 

Layomys oyolona O'OOl .”>. 

Titanomys risenoviensis . . . O'OOl.”. 


The suture between the palatines and maxillarics is not shown in the figure of 
Titanomys. Thanks to the kindness of Mon*. M. Boule, I have been able to examine the 
original in the Paris Museum, and can state that in this oldest member of the Lagoinyida? 
the family character is already very evident in the reduction of the maxillaries, 
inasmuch as the palatines occupy the anterior margin of the bridge in the middle line, the 
two maxillaries not joining each other. The difference in the length of the palatal bridge 
between Titanomys on the ouc side, and Layomys (with Proluyas) on the other, is therefore 
wholly due to the greater elongation of the former’s palatine. In Palceolayus t both 
bones are lengthened, as compared with other Leporidae, and especially with the most 
modernized species of the family. The anterior palatal notch formed by the maxillaries 
extends forward slightly beyond the anterior margin of p. 3, as it does in Xesolayns 
Nelscheri (PI. 39. fig. 38), which is one of the most primitive of recent Leporuke. The 
posterior palatal notch of Pahcolayns reaches as far backward as a line uniting the 
middle of the alveoli of m. 1. Besides, the horizontal portion of the ossa palatina is also 
transversally much less reduced than in most of the recent Leporuke, the breadth of the 
posterior palatal notch being approximately equal to half the breadth of the space 
between it and the alveoli. "While in this latter character Palceolayus converges 
towards the Lagomyidai, or rather goes beyond them — for, to judge from the figures, the 
palatal notch of Palceolayus is considerably narrower than even in Titanomys — it is 
thoroughly leporine with regard to the part which the maxillaries take in the formation 
of the bony palate. 

Those among recent Leporidte which, on account of their several primitive characters, 
may be placed in a separate section (Caprolagus-group), as opposed to Lepus s. str., are 
more, primitive also in the character of the greater antero-posterior length of the palatal 
plates of the palatine and maxillary bones, as may be judged from various instances 
figured in PI. 39. Pig. 32 represents the palate of Caprolayusjiispiclus (Pears.) ; fig. 33, of 
Sylcilayus ( Pomerolayus ) Kelson i ; fig. 37, the same part of Oryelolayas cuassicaaclatas 
(Geoffr.) , fig. 38 that, already mentioned, of Xesolayns Netscheri of Sumatra. It is well 
known that the bony palate of the Rabbit, of which a figure is not given here §, has a 
greater longitudinal extension than in the Common Hare and that its palatal notch 
is narrower ; both these characters are much more pronounced in the young. Pig. 35 

* H. Filhol, "Etude des MammifCres fossiles de Saint-Gerand-le-l’uy (Allier),” Ann. Sc. (idol. x. pi. 3, fig. 10 

(1879). t Op. cil. p. 31. 

+ Cope, op. cit. pi. lxvi. figs. 1 , 4. 

§ excellent lower views of skulls of the Rabbit, side by side with those of Lepus europccus. have been figured by 
11. v. Xathusius (‘ Uber die sogenannten Leporiden,' pi. ii. 187(i). 
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(PI. 39) represents these parts of a young SylcUagus brasiUcnsis (Linn.), which closely 
resembles Pol (rolugus in the great antero-posterior extension of both the palatine and 
the maxillary bones and in the very narrow palatal notch, both coming near to the 
normal condition of Mammals. 

As might have been expected, the Pliocene Lepus valdaniensis, AA r eith., also presents a 
more normal palatal region than the various specialized species of Lepus, and may for 
this reason alone be assigned to the Caprohtgns section. The anterior and posterior 
palatal notches are much narrower than in L. europaus, and the whole of the bony 
palatal bridge is considerably longer ; this being especially due to the elongation of the 
maxillaries *. 

The greater reduction of the palatal plate of the maxillary bone in Lagomyidte, 
as compared with Leporidae, might seem to be due to the greater backward prolongation 
of the foramina incisiva in the first-named family. On closer examination, however, 
it becomes evident that in reality we have to do with a fusion of two originally separated 
vacuities, viz. the true foramina incisiva, and a sort of palatal fontanel le behind them. 
In Lagomys, the premaxilke generally, though not in all the species, join in the middle 
line between the foramina incisiva and the fontanelle behind them; in Leporidic, the 
confluence of the two fissures has generally, but not always, become complete. An 
approach to Lagomyidaj (fig. 30) is given by the bottle-shaped appearance of the 
“foramina incisiva” which Bangs considers to be characteristic of “ Lepus syJmticus 
transitionalis ”f — the same occurs also in other American Leporidre — and which is but 
the remnant of the original separation of the true foramina incisiva from (lie palatal 
fontanelle. I therefore do not think that AVinge is right, when he assumes that the 
separation of the two openings is a secondary character in Lagomys, brought about 
by the new formation of a bony plate Judging from Cope’s figure §, the fusion of 
both openings seems to have already taken place in Piilaolayus. But if we judge from 
recent forms, in which the premaxilke are very thin in this region, it appears probable 
that the apparent fusion in the figured palate of Palccolagas is due to the defective 
preservation of the premaxilke in the figured specimen. 

Ox the Limb-Skeleton op Lagomobpiia. 

There is a great difference between the Lagomyida? and Leporida?, and between the 
various members of the latter, in the absolute length of the fore and hind limbs, and in 
their relative length, compared with each other. The differences, moreover, are not only 
in size ; and it is the antebraehium which in the first place presents notable divergences 
in the different groups. Even for systematic purposes it will be necessary henceforth to 
take into consideration these, as well as other, parts of the skeleton; and we cannot 
content ourselves with such general statements as “hind limbs longer than the fore 
limbs,” and “ hind limbs and fore limbs subequal.” 

* A. Weithofer, in Jahrb. k.-k. geol. lleichsansta.lt, Bd. xxxix. p. SO (lSSil). 

t Proc. Bost. Soc. Nat. Hist. xxvi. p. 407 (1S!J'>). 

7 H. t\ inge, Joidfundne og nnlevende Gnavere, &e., 1. <*. p. 11B : l * Forskjellen tra Haren or kuD, at det cgeiiligc 
F. incisivvM er afskilt ved en nyopstaaet, ikke altid fuldstiendig Benbro. - ’ § Op. cit. pi. lxvi. fig. 1. 
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In comparing the characters of the common Hare ( L . europmts) with those of the 
domesticated Rabbit, Xatlmsius enters into full particulars of the differences presented 
by the antebraehium, summing them up iu the following statements : — 

Hare. Rabbit. 

Ulna weaker than the radius, situated Ulna stronger than the radius, situated 

behind the latter. laterally. 

In relation to the basilar length of the skull and the length of the vertebral column, 
the anterior and posterior limits are in their totality, as well as in their different parts, 
longer in the Hare, shorter in the Rabbit. 

Hare. Rabbit. 

Ilumerus longer than antebraehium. Humerus and antebraehium snbequal in length. 

Length of the antebraehium as compared with the tibia : — 

Hare. Rabbit. 

Antebraehium shorter than the tibia by Antebraehium shorter than the tibia by one- 

about one-fourth its length. half its length*. 

"With regard to the remarkable differences in the antebraehium of the two animals, 
the writer concludes that they are doubtless associated with their different habits, 
the Rabbit burrowing and the Hare living above-ground f. Put in this general way, 
the conclusion is undoubtedly true. Nathusius, however, does not seem to have been 
aware that the difference is chieily due to the specialization of the Hare's fore-leg, which 
specialization is nothing else than the beginning of the process carried much further in 
the modern swift- footed Ungulates. It therefore remains to be seen bow far, if at 
all, the structure of the Rabbit’s antebraehium is a consequence of its burrowing 
propensities, — an adaptation to them. Por neither from what we know of its habits, nor 
from the structure of its fore-limb, can the Rabbit be considered to be a truly fossorial 
Mammal, as is, e.g., the Mole, or, among Rodentia, the genera Geo mgs, Spakev, and 
Siphnetts. 

In districts where the Rabbit finds burrowing in the ground too hard a task, it 
manages to do without it J ; as it sometimes does, perhaps, for other unknown reasons. 


* H. v. Natbusius, 4 Ubcr die sogenamiten Ltporiden, 5 pp. 17, 31-33, G7 ? figs. 2 5 (p. 32) 1 876. 
t Op. at. p. 33. 

+ W. Thompson states (Proc. Zool. See. London, part v. p. 7>2, 1837) that in the Xortb of Ireland persons who 
take Rabbits make a distinction between the Burrow -Babbit and the Bash -Babbit, and that the latter is so designated 
iu consequence ot having a “■form like the Hare, and which is generally placed in bushes or underwood.” The 
Rev. G. T. Dawson, speaking of the Wild Rabbit, says :• — There is a variety . . . which never burrows in the ground, 
but lies beneath bushes, or among the herbage ot hedges or woods, and is called by the common people of that part 
of Hertfordshire which borders upon ^Bedfordshire the Bash-Babbit , and in the northern parts of the same county 
the Stub- Babbit .... A non-burrowing Rabbit may, in its distress, scramble into a hole, or burrow 7 , if there happens to 
be one in its w ay, in which to die in secrecy ; but, as far as my ow r n observation extends, I never remember one 
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One of my principal reasons for separating a certain number of Leporidie, under the 
designation of Caprolugus, from the swift-footed Lepus (figs. XX V— XXV III), is the 



Figs. XXY-XXYITI. Left anfcebrachium of Lpjvm tiinidus* Linn. (L. vanabdib\ Pall.), 3 reduced. XX\ , front view 
XX YT, ulnar (external) view ; XXY1I, radial view : XXX 111, posterior view. 

Figs. XXTX-XXXI. Left fore-limb of brnsiUrnsis (Linn.), nat. size. XXIX. front view. I— A = first 

to fifth metacarpals, e = carpale 5 (vesalianum) ; XXX, radial view ; XXXI, ulnar view. 


structure of the antebrachium ; hut of several of the former it is expressly stated 
that they do not burrow at all, or at least that they are not habitual borrowers. I 
have thought it would be instructive for my present purpose to record the observed facts 
of the physiology of the organs of locomotion of various Lagomorpha, by collecting as 
much information as is available to me. 


of the bush-rabbits running to ground, even when wounded, and certainly it is contrary to its habits to do so under 
different circumstances ” (‘ Zoologist,’ iii. p. 00 3, 1*45). In W. Thompson's k Natural History of Ireland’ (vol. iv. 
p. 30, 1850), his former statement is repeated, and strengthened on the authority of Dr. R. Pall, u who has 
long been aware of the difference of habit and appearance between burrow- and bush-rabbits in the County oi Cork. 
In Bell’s 1 History of British Quadrupeds ’ (2nd cd. pp. 344, 345, 1*74) it is reported that “ on moors, where the soil 
is wet, Rabbits often refrain from burrowing, and content themselves with runs and galleries formed in tho long 
and matted heather and herbage. In more than one instance we have known a family to take possession of 
a hollow tree and ascend its inclined and decayed trunk for some distance.” In comment on this, Prof, llowes has 
drawn my attention to the fact that the Oriental Black-necked Hare (L. nigricollis) habitually resorts to the hollows 
in trees when pursued, and that while the European Rabbit may bring forth its young above-ground ( l Zoologist,’ 
ser. 3, vol. i. p. 18) the Hare may do so in a burrow. 
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Of Oryctolayns crassicandatus, which, in the conformation of its antcbrachium 
(text-figs. XXXII-XXXV), is almost identical with O. cnntciilus (PI. 38. fig. 30), Smith 
says in a general way that it inhabits “ rocky situations” in South Africa, anti that t: its 
manners connect it closely with the Rabbit.” * Alexander "Whyte describes the same 
species in bis journey through the high-lying country in the Xortb Nyasa district, and he 



Figs. XXXII-XXXV. (hyctohujHS crassicaudatus (Geoifr. ). — Left fore-limb, nat. size. XXXII, posterior view ; 

XXX III, front view : XXXI V, ulnar view ; XXXV, radial view. 

Figs. XXXVI-XL. Caprolagns litspuhis (Tears.). — Left fore-limb, nat. size. XXXVI, posterior view ; XXXVII, 
front view: r=radiale, i= intermedium (lunar), n = ulnare. I-3 = earpalia 1-3. 

C 4 = carpale 4 (bamatum). XXXVI II, ulnar view : ^>=pisiforni ; XXXIX, radial view : 
XL, front view of antebraobiura, proximal end. 

too compares it with the Rabbit f . But nowhere have I found it expressly stated that 
this species is burrowing; the rocky “situations ” aud “ places ” to which, according to 
both observers, it is confined, certainly would not favour burrowing* propensities. 

* A. Smith, in S. Afr. Quart, dourn. vol. ii. p. 87 (1833) (sub t£ Lt pus ru pest ns"). 

f “ Perhaps the most interesting mammal wo secured was the baro of the plateau, and which might well he 
termed a ‘ rock-rabbit.’ ... It is very local and peculiar in its habits, confining itself to the highest and most 
rocky places on the plateau. On this account we found it most difficult to procure good specimens. It kept 
dodging about the granite boulders, and we seldom got a shot until it was quite close on to us. ... It was never 
fouud out in the open ” (British Central Africa Gazette, loth Oct. 1805 to 1st Feb. 1S9G, p. 22.) 
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Of the “ Lepus bvasilicusis ” of Paraguay, whose fore-limbs (text-figs. XXIX-XXXI) 
much resemble those of the Habbit, D’Azava states expressly that it is not a burrowing 
animal *, and the same is confirmed by Rengger +. 

About the habits of Sylcihtgus sylcaticus, the “ Grey Rabbit” of the United States, we 
know from Bachman that “ though it digs no burrows in a state of nature, yet when 
confined it is capable of digging to the depth of a foot or more under a wail in order to 
efFect its escape ” S. artemishc, closely related to S. s///ra ticus, is described by Clark 
as burrowing §. 

Special recognition is due to the following graphic description by Cones of the 
locomotion of three different groups of flares, viz. the Marsh-llare (S. palnstr/s), the 
“ AVood-Rabbit” ( S . sylcaticus), and the “Jackass Hares” ( L . callotis). Comparing 
in the first place the two former, he says : — “ The Marsh-Rabbit . . . looks smaller, although 
actual measurement does not show any very decided difference in size. This deceptive 
appearance is owing to the different gait . . . The animal’s gait ... is a direct conse- 
quence of the comparative shortness of its legs — of the hinder ones particularly . . . The 
animal’s general configuration is more squat and bunchy ; it seems to run with its body 
nearer the ground ||, scuttles along with shorter, quicker steps, more constrained and 
spasmodic, moving by jerks, as it were ; and has little or nothing of the free bouncing 
movements that mark the progress of the Wood- Rabbit. In these respects the last- 
named species is exactly intermediate between the Marsh-Rabbit and the large 
“Jackass” Hares {Lepus callotis) of the A Vest, in which length of stride, height of 
bound, and general freedom of swinging gait reach an extreme. These Western Hares 
are the swiftest of their tribe in this country, and the Marsh-Rabbit is just the opposite 
As attested by all observers, the speed of the latter is appreciably less than that of even 


* * 4 II ne fouille point de terriers, quohpi’on tli.se, quYtant puursuivi, i] sc cache sous des trones pourris et outre 
les debris des vegdtaux.” ( k Essais sur l’Hist. nat. des Quadrupedes de la Province du Paraguay,’ ii. p. 58, 
1801). 

t J. K. Rengger, 4 Xaturgeschichte der Siiugcthiere von Paraguay,’ 1S30. — Huhlen oder unterirdische Gauge 
griibt es keine ” (p. 248). 4 ‘ 8ein erster Lauf ist sclinell ; er halt uber niclit lauge aus und wird bald von den 

Jlimdcn eiugcholt" (p. 250). 

X Journ. Acad. Xat. 8ei. Philad. vol. vii. p. 335 (1837). The following statement as to tho feeble endurance 
in running of 8’. si/lvaiicus is almost identical with what Ilungger says of S. brasiliensis : — 44 Although it 
runs with considerable swiituess for a short distance, yet it soou becomes wearied, aud an active dog would 
overtake it, did it not retreat into some hole of the earth, into heaps of logs or stones, or into a tree with a hole 
near its roots. ... In the Northern states, where the burrows of the Maryland marmot and skunk are uumerous, 
this hare retreats to their holes" (oy>. cit. p. 32Sj. 

§ 4 ‘ Wherever the thorny clumps of chapparal and the loose sandy soil afford protection to this smallest of rabbits, 
it may be found in great u umbers. Xu matter when or where one of these may be seen, a clump of chapparal or 
its burrow seem always at hand ; thus it does m>t travel far, and a few jumps bring it to a place of safety. . . . 
The burrows usually run into sand hillocks formed around hushes; sometimes, however, they are dug into the bare 
compact surface.” (J. H. Clark, in Spencer F. Baird, 4 Mammals of X. America. — Part ii. Special Report upon the 
Mammals of the Mexican Boundary,’ p. 4s, 1859.) 

|| Cf. also Bachman on &ith'ihrt/ux jmlttstris: * 4 Instead of leaping like the common Hare, it runs Ioav to the ground, 
daitiug through the marsh in tho manner of the Rat. ’ (J. Bachmau, ** Deser. of a uew Species of Hare found in 

South Carolina,” Journ. Acad. Xat. Sci. Philad. vii. p. 190. Read May 10th, 1830.) 
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the "Wood-Rabbit, though it certainly appears to get over the ground quite cleverly, 
particularly to one who has just missed, by under-shooting, a running shot” * * * § . 

The most remarkable member of the family, as to its habits, is the “ Romerohtgus 
Nelsoni, Men*.,” from Mount Popocatepetl, [Mexico, of which it is stated: — “This 
singular animal has exceedingly short hind legs, and instead of moving by a series of 
leaps, like ordinary rabbits, runs along on all fours, and lives in runways in the grass 
like the meadow-mice ” f. Mr. E. W. Xclsou, the discoverer of this creature, has 
furnished the following further particulars: — “A search under the overhanging masses 
of long grass-blades showed a perfect network of large arvicola-like runways tunneling 
through the bases of the tussocks, and passing from one to another under the shelter of 
the outcurving masses of leaves. It was evident that the rabbits were very numerous 
bore ... So far as observed, these animals are strictly limited to the heavy growth of 
saccatan grass, between about 3050 and 3050 meters . . . They make their forms within the 
matted bases of the huge grass tussocks, by tunneling passage-ways along the surface of 
the ground through the mass of old grass leaves and stems, and then hollowing out snug 
retreats within the weather-proof shelter thus obtained” 

I am unfortunately unacquainted with the limb-skeleton of this interesting animal. 
Although from the foregoing description it results that it cannot be considered a 
burrowing animal, 1 venture to anticipate that its ulna will be found at least as little 
reduced as in the common Rabbit, and not placed behind the radius. 

Hodgson § gives the following information on t lie habits of Cap)'ola(/ns hispid tus 
(Pears.): — cc The Hispid Hare is a habitual humnver, like the Rabbit; but, unlike that 
species, it is not gregarious, and affects deep cover, the pair dwelling together, but apart 
from their fellows, in subterranean abodes of their own excavation . . . Less highly 
endowed with the senses of seeing and bearing than the Common I fare or Rabbit, and 
gifted with speed tar inferior to that of t lie former or even of the latter species, the 
Hispid Hare is dependent for safety upon the double concealment afforded by the heavy 
undergrowth of the forest || and by its own burrow, and accordingly it never quits the 
former shelter, and seldom wanders far from the latter, whilst the harsh hair of its coat 
affords it an appropriate and unique protection against continual necessary contact with 
the huge and serrated grasses, reeds, and shrubs in the midst of which it dwells, and 

* Elliott (hues, -‘Observations on the Marsh-Hare, '‘ I'roe. Huston 8oe. of Natural History, xiii. pp. 87, 8S, 
(isr>b). 

t C. Hart Merriain, liomerohtf/us Nelsoni, a new Genus and Species of Babbit from Mount Popocatepetl, Mexico,*' 
Proc. Biol. Sue. Washington, x. p. lbii (ls9(>). 

i Op. cit. pp. lay, 170. 

§ B. H. Hodgson, ,k On the Hispid Hare of the Saul Forest.” J. A. S. Bengal, xvi. 1, pp. 57P>, 574 (1847). 

|| By later writers it is denied that C . hispid us is an inhabitant of the forest. Blanford ( k Fauna of British India,' 
Mammalia, ii. p. 454. l$!)l) says : — “ According to Hodgson the Hispid Hare inhabits the Nh l forest, whilst Jerdon 
states with more probability that it is found in the Terai (that is, of course, the marshy tract usually thus called), 
frequenting long grass and bamboos Ac." Jerdon s words are : — “ It frequents jungly places, long grass, and bamboos, 
and, from its retiled habits, is very difficult to observe and obtain ” (T. (J. Jerdon, ‘Mammals of India,’ p. 220, 
1807). 
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dwells so securely that it is seldom or never seen even by the natives, save for a short 
period after the great annual clearance of the Tarai b\ lire ; and they tell me that it feeds 
chietly on roots and the hark of trees, a circumstance as remarkably in harmony with 
the extraordinary rodent power of its structure as are its small eyes and ears, weighty 
body, and short strong legs, with what has been just stated relative to the rest of its 
habits. The whole forms a beautiful instance of adaptation without the slightest change 
of organism * * * § . Even if it had not been expressly stated, 1 would have concluded 
from the structure of the fore limbs (text-tigs. XXX VI -XL) that the Hispid Hare is a 
burrowing animal : in fact, the onlv member of the familv whose organization bet in vs 
fossorial propensities. 

Nothing is known about the habits of the Sumatra Hare, Caprolagus (Xesolagits) 
Nctschcri f. From the structure of its fore limbs, PI. 38. fig. 28, it mav be safely inferred 
lhat it is a bad runner, and it may be an occasional burrowor; but it is certainly much 
less fossorial than <?. hispid ns. 

The mode of locomotion of Lagomys ( L . pusiUus) is thus described by Pallas: — 
iC Incedunt pusilli elumbi et suhsiiltante gressu, sed propter brevitatem pedum, 
niaxime posticonun, neque celeriter cummt, nee nisi inepte exsiliunt. In posticos pedes 
raro eriguntur ” | AVingo concludes from this that t£ the mode of locomotion is therefore 
the same as in Lepus /’ Besides, he thinks it probable that the ancestors of Lagomys 
have been better runners than the recent species; this, on account of the resemblance of 
the rump- and limb-skeleton between Lagomys and Lepus . Also, according to the same 
writer, some features in the skull of Layomys , showing that the organs of smell and sight 
are less developed, point nevertheless towards a former different condition §. As seen 
from the figures (PL 38. fig. 20), Lagomys resembles ordinary Rodents and Insectivores 
in the lateral position and non-reduction of the ulna, and also in its comparatively short 
hind legs. This is the primitive condition. Are we, then, to assume that the ancestors 
of Lagomys , starting from this condition, reduced their ulna and shortened their hind 
legs, only to revert again to the former primitive condition presented by the living 
species? Equally far-fetched seems to me the supposition that t he choame had formerly 
been wider and the eyes larger. Neither Prolag us (PI. 39. tig. 36) nor Titanomys supports 
the former assumption, and there is no indication of larger orbits in Prolog ns , nor of 
supraorbital processes in either of the two fossil genera. The statement, incedunt 
L . pusilli elumbi et subsultante gressu/’ which recalls Couess description of S. palust/is 
(“ scuttles along with shorter, quicker steps, more constrained and spasmodic, moving by 
jerks, as it were"), proves, in my opinion, an incipient stage of the leporine locomotion. 

* The view expressed iu the latter part of the last sentence is not correct. 

t 11. Schlegel, On an anomalous Species of l Lure discovered in the Isle of Sumatra: Lepus Jutachtri p 2votes 
from the Leyden Museum/ vol. li. note xii. p. oil, lSSO). 

+ 4 Nova.* Species Quadrup. e Glirium Online/ p. 35 (1 / / s). 

§ H. Winge, 4 .Tordfundue og nulevende Unavere (Kodentia), p. 113. 
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Fifth Carpal Ray. 


The Pisiform. 


Krause describes the pisiform of the domestic Rabbit as articulating with the nlnare 
on its volar side * * * § ; in the description of the ulna t, it is stated that the distal 
termination of this bone has a condyle for the facet of the ulnare. These two 
statements imply that the pisiform of the domestic Rabbit articulates — as in Man — 
with the ulnare only. If they are correct, the German domestic Rabbits are 
different from those of this country; for in the English domestic and wild Rabbits 
I find the bone called pisiform articulating until the ulna as well as with the ulnare; 
this is the case moreover in all Leporidae (PI. 38. tig. 2, text-figures XXXI, XXXTY, 
XXXVIII), in all Lagomvidre (PI. 38. fig. 4), and in the great majority of Mammalia. 
In the Leporuhe the pisiform, the proximal part of which extends considerably in 
a transverse direction on the volar side of the carpus, shows even two facets for the 


volar side of the ulna. 

From the following statements it appears that the so-called pisiform of Mammalia is a 
compound bone. 

Daubenton mentions three accessory bones in the carpus of Uylobates and hunts 
ecu tidal ns ; one of them is, in Uylobates, situated as follows: “ il sc trouve place sur 
le joint quiestentre le troisiemc et le quatrieme os du premier rang ; ” situated, therefore, 
on the articulation between the ulnare and pisiformc The carpal bones of hums are 
said to have the same position as in Jhjlobates , only differing in their form §. In Papio 
the accessory bone in question is said to be wanting ||. 

Cuvier’s description is almost identical. Speaking of the “ossified nodules in the 
muscle tendons” of the carpus, lie says: — “11 v on a deux par cxemple, dans le 
(jibbon et le mayot : Fun dans Je tendon du cubital externe, sur le joint du pisi forme avec 
le euneiforme .... manque dans les sojxtjotts ” 

Leboucq describes and figures ** a cast' in tin* Gibbon : — “ Chez uu Gibbon {Uylobates 
lettcise/ts) de la collection de l’Knivcrsite de Gaud, il existe entre le cubitus et le cubital 
du carpe nn nodule osseux articule lateralcmcnt avec le pisiforme (y/. fig. 28). Ce nodule 
me semhle represent er le cartilage qui disparait chez l’homnie.” (Reference is here 
made to the previous description of a cartilaginous nodule which is constantly met wdtli 
in human embryos of the third and fourth month.) “ En meme temps quo le crochet 
terminal du cubitus s’aecuse nettement, il se developpe dans le menisque einbryonnaire 
nn nodule cartilagineux elliptique, l'aisant suite d’uue part a la pointe du crochet et de 
l’autre se dirigeant vers l’extremite proximale de l’intermediaire.” It disappears 


* W. Krause, k Die Anatomic ties Kaninchens in topogr. mid opemtiver Biicksicht,’ 2te Auttage, p. 120 (1SS4). 

t L. c. p. 110. 

+ Button et Daubenton, Hist. nat. gen. et partic. xiv. p. 105 (1700). 

§ L. c. p. 127. |j L. c. p. 151. 

^ Le<;ons d’Anat. Corn]). 2 e ed. i. p. 425 (IS35). 

** II. Lebourt], *‘ltech. sur la Morphologic du Carpe cbez les Mammifures,” Arch, de Biologic, publ. par Van 
Beneden et Van Bambeke, v. p. 83, pi. iv. fig. 2> (1S>4). 
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constantly after the fourth month *. Leboucq considers this cartilaginous nodule of the 
human foetus the homologne of the ossicle in Jlylobates ; both are parts of the 
pisiform, the pisiform of human anatomy being, in his opinion, but the distal epiphysis 
of the complete pisiform f . In a later paper the cartilaginous nodule is homologized 
with the os trigonum (tarsi) : “ je crois done pouvoir considerer ce nodule et l’os trigonum 
comine homologues 55 whence it would follow that the ossicle of Jlylobates is equally the 
homologne of the trigonum. 

The ephemeral cartilage of the human embryo has since been discovered in an ossified 
condition in a carpus of an adult, and received the name triquetrum secundarium §. 
Both this cartilage in the foetus and the triquetrum secundarium occupy a more radiad 
position than the ossicle of the Gibbon, wherefore it would appear that they are not, 
after all, the homologues of the latter, and this is proved to he the case by the discovery 
hv Kohlbrugge of tiro accessory ossicles in the Gibbon. In three specimens of the three 
species Ilylobates leuciscus , II. agilis , and 11 . JfiiUeri , an ossicle is situated between the 
styloid process of the ulna, the pisiform, and the uluare. It rests on the processus 
styloidens and articulates with it and the uluare. The pisiform joins the carpus 
at the point of junction between the ossicle and the uluare. Kohlbrugge recalls the 
description of Daubenton, in whose honour the ossicle is named (ossicutum Daubentonii)-, 
and he adds that Camper had seen it in the i/wu# ||. In the carpus of a Ilylobates 
syndaciylus the following condition is described Ci Situated between the radius and the 
uluare is an ossicle, which is joined to the radius and to the ossiculum Daubentonii by a 
fibrous ligament ; between both is cartilaginous tissue/’ The ossicle which, to all 
appearance, is that described by Camper in the Mandrill — and which lias hence received 
the name ossiculum Camperii — was present in both hands of the Gibbon ; in the left 
mamis the ossiculum Daubentonii was reduced to a small osseous nucleus % From its 
position, the ossiculum Camperii corresponds to the cartilaginous nodule discovered by 
Leboucq in the human fietus, aud is therefore the homologne of the triquetrum 
secundarium (triangulare) of Man **. There can be no doubt that the ossiculum 
Daubentonii is the element which Leboucq has described in an adult 11. leuciscus, since 
they occupy the same position. In Leboucq’s figure — dorsal aspect of the carpus — the 
pisiform {p.) has been removed backward, in order to bring it into evidence ff. 

* Op. cit. p. SI, pi. iii. fig. 17. t Op. cit . p. 83. 

i 1L Leboucq. <c Sur la Morphologic du car pc* ct du tarse,” Aunt. Anz. i. p. -0 (lss(S). 

§ rfitzner, “ Bemerkungen zum Aufban des monscbl. Carpus," Yerh. Anat. Ges, 7. Vers, in Gottingen 1393 
(Ergiinzungsheft Anat. Anz. viii. p. 101 (1303). — See also Morph. Arb. iv. p. *>08 (l^Oo). 

|| J. IT. F. lvohlbriigge, Ycrsuch ciner Anatomic* d. Genus ffylohates" (M. Weber, Zool. Ergebn. einer lleise in 
3siederlandisch Ost-Indien, i. pp. 33^, 330, pi. xvii. tig. 0 (1300 01). 

€ Op. cit. p. 330, pi. xvii. fig. 10. 

** The ossiculum Camperii ( triquetrum secundarium, triangulare) or. as Thilenius terms it, os intermedium ante- 
brachii, has been found in Homo. Jlplubatcs , and hums, as mentioned in the text, and, by Pfitzner. in a carpus of 
Phascolonujs. Pfitzneris specimen is figured and described by Thilenius (Morph. Arb. v. p. 0, pi. i. fig. 13 (1805)). 

1 find what 1 take to be the same bone in Lemurs, Inseetivora, and ltodentia, whereon more will be said in another 
place. (See F. Z. S. London, 1800. pp. 438-437.) 

tt Op. cit. p. 101 (explan, of fig. 33). 
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Leboucq’s view t hat the lmman pisiform is the homologue of the mammalian pisiform 
min its the ossicle he figures in the Gibbon receives confirmation by a discovery of Pfitzner’s 
in the human adult carpus. He found in five cases a proximal process of the pisiform *. 
To this “ pisiformc sccttudarium ” would correspond the “ itlmtre antebracliii ” of Thileuins, 
met with in ten maims of five embryos, where it is situated volad and ulnad of the proc. 
stvl. ulme, and proximally from the pisiform f. Both German authors take this element 
to belong to the same category as the os Camperii, viz. to be a carpal of a “ preproximal 
series.” We have, however, seen that Leboncq shows that the os Daubentonii, which in 
llylohaies is not nnfreqnentlv an independent ossicle, is contained in the mammalian 
pisiform. For my part, i see no stringent reason to assign this os Daubentonii to a 
“ preproximal ” series ; from its position I consider it to be the first, proximal, carpale of 
the fifth ray, and it might therefore appropriately be designated as Y. 1 ; it corresponds to 
the 1. 1 on the radial side, the radiale marginale, w liich in Echidna actually articulates with 
the radius (Owen), in Beptilia, especially in Emydidm, we frequently find an ossicle or 
a cartilage occupying the position of a A'. 1. Its absence in the Urodela is easily explained 
by the reduction of the ulnar part of the urodele carpus, even the fifth digit being lost. 
The reduction of the ulna and the ulnad extension of the ulnare may account for its 
being, in M ammalia, generally situated on the volar face. 

What, then, is the distal part of the mammalian pisiform ? One might suggest, as the 
easiest expedient for getting rid of this embarrassing element, that it is \ . 2, viz. the 
second carpal of the fifth ray. 

But, besides there being, as we shall see hereafter, another competitor for this distinction, 
there is not the slightest evidence of the distal pisiform having at any time occupied a 
similar position. On the other hand, it shows evidence of a former greater complexity. 
In most, if not in all Mammalia, except M an and the Anthropoids, the pisiform is 
provided with a distal epiphysis; and in some there is more than that. In the Undent 
Batlujeryus ma'ril hints, as described by Yon Bardelebeu, “ . . . the pncpollcx and the 
postminimus are both very well developed. The latter consists of two bones, of which 
the proximal [pi p.) is the true pisiform, and measures 5 lnillim. iu length, while the 
distal is 7’b millim. in length. We must therefore in the future distinguish a proximal 
from a distal ‘pisiform,’ and I regard the former as, in all probability-, the carpal, and 
the latter as the metacarpal segment of the postminimus ” J. 

Two skeletons of Bathijergns mar/ 1 hints are in the Natural History Museum, neither 
of them quite adult. In the older one, which is the original of Von Bardeleben’s figured, 
the distal part of the pisiform is incompletely ossified, as shown in the figure ; it is still 
completely cartilaginous in the younger specimen. A similar, more or less ossified distal 

* 3Jorph. Arb. iv. p. .>08 (1805). “ Dieser Fortsatz war (in vier Fallen) proximal, und zugleich eher etwas 

dorsal als volar gerichtet. 8eiue plane Flache stellt eine eontinuierliche Fortsetzung dcr Gelenkthiehe dcs 
Hauptstiicks dar ; iin Ubrigen war der Fortsatz riugskerum durch eine tiefe Einziehung abgesetzt.” 

t ilorph. Arb. v. p. 470 (1800). 

+ On the i’nepollex and lVajhallux, with observations on the Carpus of The noth stuns phtjlareliutsy' l'roe. Zool. 
Soe. London, 1880, p. 200, pi. xxx. tig. 3, pip., pi.d. ; id. Verb. Anat. Ges. 3te Vers, Ueriin (Ergiinzungsheft) Anat. 
Auz. iv. p. 108 (1880). 
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pisiform I find in the lmtricine Ctoiomys and in Jins, and it Avill probably l)e met with 
in many other fossorial and climbing "Rodents. 

"What seems to be a remarkable adaptation of the distal pisiform to a special function 
is exhibited by the strong cartilage, which in Pterowys is prolonged to support the 
lateral membrane serving as a parachute. Tliilenius makes of it an element of an 
antebrachial scries, his “ ulnare antehrachii ” * * * § ; but he is misled by Owen's much reduced 
figure of the skeleton of a “ Pteromys votnceUa” f, in which the detached cartilage lias 
been drawn proximally to the pisiform and separated from it by a small interspace. 
The true connection of this cartilage was already known to JBuffon i. lie described it as 
a bone ; but in the only skeleton (Ptero)ays mayaijictts) at the Natural History Museum 
in which this element is preserved it is perfectly cartilaginous, and as such it is described 
by Ow en in Sciuroplerns cohieella §. In Pterowys magmjicHs it is chiefly attached to the 
distal end of the pisiform, and, by a much smaller process, to the tuberosity of the fifth 
metacarpal. Its direction is in the beginning right backward, in the prolongation of the 
long axis of the osseous pisiform ; but gradually it turns upward, forming in its entirety 
a semicircle. It might be maintained that the patagial cartilage of Sciuropterini is in 
origin quite extraneous to tin* pisiform, and that it lias only secondarily become supported 
by this widely projecting bone. "With the scanty material at my disposal, I am not in a 
position to follow' up the matter closer, nor is this the place to do so. A clue might be 
obtained from young specimens of llercmys ; and if they should show' both the usual 
pisiform epiphysis and the patagial cartilage, they would support the view' of an extraneous 
origin of the latter. 

The lengthened subeylindrieal bone which in the insectivore Chrysorhloris extends 
from the carpus to the humerus, ‘‘simulating a third antebrachial bone,” w r as considered, 
by Meckel ||, followed by Cams •g Peters ** * * §§ , Giebel f f, and Dobson as an ossification of 
a tendon; regarded by the latter three as that of the m. flexor digitorum profundus. 
Cuvier §§, A. "Wagner |] ||, Gervais^[*y, and Ow en *** homologize this hone with the pisiform. 


* Morph. Arb. (Schwalbe) v. p. AOS (]S<>A). 

t k Anatomy of Vertebrates/ ii. p. Hs/>, tig. JA4 (IsGO). 

X “11 y a de plus dans le polutouclie an os (AA) long do A ligius, cn fouuo (Tarot o ou d’eperon. <jui tient an 
quatrieme os du premier rang du earpe. ft qui sYtend obliquement en arriore et on bant le long dn bord de la 
membrane qui forme les ailes do cot animal/* (Hist. Nat. gen. et partic. x. p. 1 1-3. pi. xxiv. 17GH.) 

§ c. 

|| System d. vergl. Aunt. ii. (-) p. U74 (l^iiA). He calls the element “ciu vum Streekknorrcn des Oberarinbcins 
zum Speicbencnde [it is, however, oil the ulnar side] der Ilandwurzel gehendes, starkes, verkniicbortes Hand/' 

■ “ . . . ein dritter Knocbon des Untcrgliedes. welch er jodoeli nur als eine verkmicherte Sobne, odor vielmebr ganz 
Ycrknbchertor Afuskel ( flew carpi vhut ris), anzuseben iV/’ — C. G. (’arus, Kilauterungstafeln zur vergleichenden 
Anatomic, ii. p. ill. Taf. 0. fig. PJ, //' (1S27). 

W. Peters. Xaturw. Heise nach AFossambiqne, Zoologie, i. p. 7- (lsA2). 

+t Giebel, in Hroni/s lvlassen u. Ordiiungen, vi., v. p. AH4 (1S70). 

XX H. E. Dobson, k A Monograph of the liiseetivora/ p. 1^1 (l s s:2). 

§§ G. Onvior, Leeons d'Anat. Comp. ed. i. p. 4lM> ( ls;»A). 

Sehrebcr/s * Saugthiere/ Suppl. ii. p. 120 ( 1^41). 

99 P. Gervais, Hist. Nat. des Aram mi loros, i. p. 2A2 (1>54). 

*'** H. Gwen, k On the Anatomy of Vertebrates/ i. p. DO 2 (IsGfi). 
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From the description given by Dobson, it becomes quite evident that from the distal 
end of this bone there arise tendons for the four digits, so that we have here a bone 
functioning as the common tendon of the tlexor digit, prof. From this, however, it does 
not necessarily follow that it is an ossified tendon. (The pisiform of Man is imbedded 
in the tendon of the m. ulnaris interims : but scarcely any anatomist will to-day 
persist in considering it to be a tenontogenous sesamoid. It has been degraded to 
play the part of a “sesamoid”*, and that only in Man and some of the Anthropo- 
morpha.) 

Dobson has figured the volar aspect of the carpus of a Chrymchloris Trerohjani f, in 
which the alleged ossification of the m. flexor prof, tendon has been removed. Here we 
see. ulnad from the lunar, the flattened face' of a bone (us.), which is not referred to in 
the text; in the explanation of pi. xiii. fig. 5 it is termed the “ulnar sesamoid.” Cams J 
has seen and described this ossicle, and so have D'Alton sen. & jun. § The first-named 
states that the “ ossified tendon ” starts (“ ausgeht ”) from it ; both Cams and the D’Altons 
call it a pisiform (“ Erbsenboin ”) ; but, so far as 1 am aware, later authors, with 
the exception of Dobson, have overlooked it. 

In a skeleton of Chvysochtovis a urea, this so-called sesamoid articulates dorsad with 
the nlnare, dorsad and radiad with the lunar, proxintally with the ulna, volad and distally 
with the “ flexor dig. prof, ossification. The latter shows at the dorsal side of its distal 
base two facets, the larger ulnad one for the “ ulnar sesamoid,” the smaller radiad fora 
volar and distal projection of the lunar. 

I take this “ ulnar sesamoid ” to be the ossiculum Daubentonii, viz. the basal part of 
the pisiform; but, owing to the distorted condition of tin* Chrij.sochlorls carpus — 
the lunar articulates with both radius and ulna— and from my insufficient material, 
which consists in a single skeleton of one of the smallest species, I cannot st ate my case 
with greater certainty. If my view is correct, then the “tendon ossification ” is in all 
likelihood the homologuc of the distal part of the pisiform of other Mammalia, where it 
very often starts backward at right angles from the long axis of the limb, sometimes, 
as in Hylobalrs ||, directly downward, aucl sometimes more or less upward, viz. in 
a proximal direction {Tot pa). Which is the primitive direction I cannot for the present 

decide. The Chrysochlorhhe vary so much from one species to the other that Cope 
has divided them into three general" ; and we may iiope that it will be possible to settle 
the question of the homology of this curious bone when the skeletons of these different 
forms shall have become available for comparison. 

It appears to me that the distal part of the pisiform will prove to be a remnant of a 
lateral ray, which only secondarily entered into connection with the ulnare and the ulna. 
Of this lateral ray the other accessory distal ('lenten ts of JJalliyrryus, Clonomys, Jf/i.s, and 

* *• Das Pi si for me* spiel t . . . die Polio eines in dor Sehnc des Mnskels ( flexor earj»] nhtaris) bcfindlichen Sesam- 
beii-is," (regenbaur, Lehrbuch d. Anatomic des Menscheu, Ote Auti. i. p. 122 

t w A Monograph of tbo lnsectivora/ pi. xiii. tig. o tliSS2). J L. e. 

^ E. D’Alton d. Ac. und E. D’Alton d. J.. * Die Skelete tin* ( ’hitopteron tintl 1 nsectivoren,’ p. 22 (JS21). 

Kohlbriiggo, /. c. lig. 10. 

% k American Naturalist,’ xxvi. p. 120, footnote 1 (LSU2;. 
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even the cartilage ol Schuopterini, possibly were parts. There is not the slightest 
e\ idence that the lateral ray has ever been a digit of the mantis of the Tetrapoda. 

Carpal? 5 (V. 3). 

the question whether there is some ground for assuming a central earpalc (Y r . 2) in 
the fifth ray is closely connected with the present subject, so that it will be dealt with 
in this place. 

I have known for a long time a comparatively large facet on the proximal ulnar 
side of Metae. A in two species of the fossil Pro/ayiis, P. oouiuneusia (Ivon.), and 
P. sarditfi (W agn.) (I’l. 38, fig. 19, r), for which I could not account, the metaearpals of 
ZiOpits, which wore at my disposal at the time, showing nothing of the kind. 'Phis same 
facet I have of late found to be present in LitgoTiiys (L. ntfweits), where it articulates 
with a small ossicle, which also presents a facet to the ulnare (PI. 38. tig. 1, r). The 
ossicle is likewise present and has the same connections in St/hUityns bntsiliriisis (text- 
figures XXIX X XXX H, S. sp. from Bogota (PI. 33. fi gs. 1, 2, r), and Orj/cfohtf/tts crassi- 
ctmdahts (Text-figures XXXIII & XXXI V). In two other species (Xexohnjus Nrtxchrri 
and Citprolagna hisphUits) the facets are visible, but the ossicle has been lost. 

What is t lie ossicle in question ? 

As is well known, Gogeubnur was the first to express the opinion that the mammalian 
hamatum is a compound of earpalia t and 5, on the ground that in lower forms we find 
the fourth and fifth digits provided each with a separate carpale Leboueq secs in the 
mammalian hamatum the homologuo of carpale I only. ,fc Le carpien i + 5 do Gegenbaur 
ne correspond exaetoment dans les premiers stades de developpement qu’an metaearpien 

IV senl ; It 1 metaearpien V est place lateralcment par rapport a ce carpien. Le carpien 
4 + 5 se separe de l’axe an niveau de riutermediaire ; quant au V e metaearpien, tout fait 
suppose)* que son rapj>ort avec le dernier os de la ran gee distale est secondaire chez les 
mammiferes; primitivement e’est toujours avec le IV e metaeirpieu soul que ce carpien 
est en continuity On ne voit a aucun stade (le developpement ce carpien forme de 
deux parties, on presentant le moindre vestige de sa double origine. Oil serait alors le 
carpien 5? En examinant les premiers stades <le developpement, non-seulcment chez 
rhomme, mais chez les divers mammiferes que j’ai |>u ctudier, on voit que le metaearpien 

V est place en face de l’os cubital, mais separe de lui par un interstice ])lus grand quo 

celui qui separe les aut res metacarpiens do leur ear])ien convspondant. On pent 

admettre (pie e’est au niveau de cet espaee que doit se trouver le carpien 5. Quant a 
determiner ce qui doit representor ce carpien, on pent admettre son absence complete, 
ou bien le considerer comme non diifcreneic, et contenu virtuellement dans un dcs 
elements squelettiques du voisinage : soit l’os cubital, soit lc metaearpien V. L’hypothese 
la plus jn-oliable serai t do considerer le carpien 5 comme no s’elant pas ditlcrencic a 
fextremite proximale du metaearpien A f. 

* Untcrsuchungen z. vergl. Anatomic d. \\ irbelthicre, i. pp. 45. 53, 1-1 (+04). 

t llech. sur la Morphologic du Carpe die/ les MaiuDntcrcs/' Arcli. de Biologic, publ. ]>ar K. van Beneden et 
Ch. van Bambcke, pp. U3 (1SS4). 

GO* 
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In the following year Turner described and figured five distinct distal carpal bones in 
a Whale. After having mentioned that in Mesojdodou Widens “ carpalia 1 + 5 formed a 
single hone .... which was grooved on its dorsal surface opposite the interval between 
metacarpals IV and V,” he proceeds to describe the carpus of an adult ITyperoodon 
rostral ns. “ The distal carpalia arc five distinct bones, not so regularly faceted as those in 
the proximal row, and with a larger proportion of cartilage between them. These bones 
pass from the radial to the ulnar border in regular order, as C 1 to C 5, and each is 
associated with the metacarpal bone of its corresponding digit. A similar arrangement 
exists in both limbs, and the carpus possesses also an elongated pisiform cartilage, which 
in one is partially ossified ” *. 

Von Bardeleben had previously made the following statement : — “ Deutliche Anzeichen 
einer friiheren Trennung in zwei Elemente zeigt das 1-Inmatnm bei den Beutelthieren, 
weniger aufiallend bci den Nagern, sowie bei Zijihins (ZZ ijjieroodon). In zwei Stiieke 
getrennt, aber, ant* der einen Scite wenigstens, sclion im Verwachsen begritl'en, ist es an 
dem Skelete eines j ungen Baren in Berlin.’’ t- 

To these assertions Bam* replied that he had never in any mammalian embryo observed 
Ihe hamatum to be the outcome of a fusion of two elements, and he adds : — “ Wenu es 
bei alt even Thieren den Ansehein hat, als ware eine Theilung vorhanden, so ist dies eben 
etwas seenndiires und ist morphologisch nieht venvendbar ” f. In his latest utterances 
on the subject §, Yon Bardeleben mentions only the separation of the hamatum in 
“ Zip! lias ( ITyperoodon ),” thus tacitly withdrawing the statements regarding other 
Mammalia, made at the meeting of the .Tenaische Gcsellscbaft of May 15, 1885, above 
quoted, as well as in a subsequent meeting of October 30 ||. 

The manus of the Jena specimen of Zijihins carirostris, to which Von Bardeleben 
refers, has been described and figured by lviikenthal. It contains altogether three distal 
carpalia : the one resting ou Metac. IV and V shows on its dorsal surface a delicate 
furrow, “eine zarte Eurche als Andeutung einer friiheren Trennung zweicr Carpalia ”^f. 
This is what Von Bardeleben, in his “Beferat,” calls having found in Zijihins “eine 
natiirlichc Zerlegung des ‘ Hamatum ’ in das Carpale IV und Carpale V” **, and further 
on: “Bass Bef. im Mai 1S85 die primitive (violleicht secundiire — -jedenl'alls dem 
Verhalten bei Urodelen entsprechende) Trennung des ‘Hamatum’ oder Carpale 1+5 
(Gegenbaur) in Carpale 1 und Carpale 5 bei Zijihins carirostris autfand (an der Hand des 
Jenaer Exemplars).” ft. 

In his subsequently-published researches, lviikenthal describes fresh facts and sums 
up those previously recorded JJ. In embryos of Belaya and Jlonodon there sometimes 

* Journ. Anat. Physiol, xii. pp. 180, 183 (1880). 

t Jenaische Zeitschr. f. Natunv. xix. (xii.), Suppl. ii. p. 87, Silzung am 15. Mai 1885. 

X ZooL An/, 1 88*3, ]>. 487. 

§ Pn ic. Zool. Soc. London, L894, p. 373 ; “ Hand und Fuss/' Verb. d. Anat. Gea. viii. pp. 2(53, 301 (1894). 

Jen. Zeitschr. Nix. (xii.), Suppl. iii. Sop.-Abdr. p. 78 (I8S;3). 

• Penksehr. d. med.-natnrw. Ges. zu Jena, iii. pp. 3S } 40, pi. iii. fig. IS (1889). See also K. Uosenberg, op. cit . 
p. 2, footnote 4 ; lviikenthal, in Morph. Jalirb. xiv. p. 50 (1893). 

** Op. cit. p. 203. tt Op. ot. p. 301. 

XX Denkscbr. med.-nutunv. Ges. Jena, iii. pp. 208-280 (1893). 
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occur five carpalia. An additional instance of five carpal ia in an adult Hyperoodon is 
adduced from a specimen in the Royal College of Surgeons *, and two examples in 
embryos of the same genus f. The reduction in the number of carpalia is explained by 
fusion or vanishing (“ Schwund ”) ; the fusion is brought about in two different ways: — 
“ Bei den Ziphioiden verschmilzt das Car] tale distale 5 mit dem C. dist. 1, os kommt also 
zur Bildung eines Hamatums : bei den Delphiniden verschmilzt das Carpale distale 5 mit 
dem Ulnare, oder aber es kommt tiberhaupt zu einem volligen Schwunde des ersteren, 
und seine Stelle wild vom Ulnare eingenommen.’’ Transitions between both types of 
reduction occur in Beluga and Jlonodou. 

In an embryo of Emys lutaria, of 8 mm. length, Rosenberg found in the place of 
one hamatum two completely-separated cartilages. “Der melir uluar gelegcne ist etwas 
kleiner und steht ausser mit dem Ulnare und seinem radial warts gclegenen Nachbar- 
element nur mit dem Mete. IV in Beziehung. Derandere der in Rede steheuden Knorpel 
tragt das Mete. IV; in seinem dorsalen Ahschnitt wird er aueli von dem Mete. Ill 
beriihrt, welchem iibrigens sein eigenes Carpale zukonunt. Es ist kein Zweifel, dass 
diese heiden ovoiden Knorpel die zu postnlirenden Carpale I und Carpale 5 sind, die in 
typischem Verhalten zu ihren Metacarpalien vorliegen . . . es stellen daher das Carpale 4 
und Carpale 5 in diesem Stadium volkommen selbstiindige Elemcnte dar.” In three 
larger embryos (10 mm.) the same investigator observed three stages of fusion of the 
carpalia in question. Ue considers that this result supports Gegenbaur’s view with 
regard to the hamatum of Mammalia J. 

Pfitzner has given the name (As resalinuum to an ossicle in the human carpus, first 
described by Vesalius, who considered it to be a sesamoid. It is situated on the uluar 
side of the hamatum, and its distal facet touches the tuberosity of the fifth metacarpal §. 
Later on, he mentions two other eases in Man, one found by Gruber || and a third 
by himself • . In Vesalius’ case, the ossicle articulated apparently with the hamatum and 
Metac. V. In Gruber’s case “ began n es vom Hamatum abzuwandern und sich dein 
Met. V engcr anzuschliessen, mit dem es wahrscheinlieli sclion coaleseierte.” In 
Pfitzner’s own case finally, the ossicle had no more connection with the hamatum, and 
had undergone a synostosis with the Metac. V. Pfitzner continues: k- Als weitere 
Euckbildungsstufen liaben wir wohl anzunehmen, dass es vom Met. V ganzlich assimilirt 
wird und in dessen Tuberositas anfgeht,” a view which is confirmed by what Thileuius, 
who terms this element “ Carpo-metaearpale 8,” has found in the human embryo**. 
Pfitzner is of opinion “ dass in gowissem Sinnc das Os Vesalianum, namentlich in seiner 
urspriiuglichen Lage, einem bypothetischen Carpale V zu entsprechen vermochte.” 
Like their predecessors, neither klitzner nor Thileuius have met in the human carpus 
with a division of the hamatum into a carpale 4 and 5, in Gegenbaur’s sense. 

Plitzner’s os vesalianum carpi occupies about the same position as the ossicle in 

* Ibid. p. 278, text-tig. 11. t Ibid, text-figs. 12, 1 3. 

J Morph. Jahrb. xviii. pp. s, 9 { 1802). 

§ Morph. Aib. i. p. 753 (1892). 

|| Arch. f‘. Auat. Phys. pp. 499, 50U, Taf. xii. (L s 70). 

Morph. Arb. iv. pp. 543, 544 (1895). 


** lb. v. pp. 4bS, 439 (1893). 
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Lagomyukc and Lcporidic mentioned above. 1 am not aware that it has ei'er 
been recorded before in lagomorphous Roden tia ; while it seems quite a common 
element in Mammalia provided with a well-developed fifth digit, at any rate in 
Eodentia, Insectivora, and Edentata, and was known to the older anatomists. Cuvier 
mentions it in the Great Armadillo (Priodon yiganteius), and describes and figures it 
as situated laterad of the ulna re and articulating with the Metac. V *. In the figure 
published by Flower f, it would appear to articulate with the ulnare as well. As to its 
presence in llodentia, Cuvier remarks : “ Entin il y a tres souvent aussi an bord externe 
du carpe, en dehors du euneiforme et de l'unciforme, uu os surnumeraire, petit et leuti- 
eulaire ; on le voit dans le cast or, le jwi’c-epic’ It is figured in a carpus of the 
Castor \\. In the ‘ Leeons d’Anatomie com puree,’ mention is again made of this “os 
surnumeraire” in the Ili/strix : “ . . . il v a un os surnumeraire entre le pisiforme el 
l’os metacarpien du einqnieme doigt ; il e»t attache snr l’os crochu ” ||. 

Thilenius r , (] noting Cuvier's figure of the Castor carpus, is inclined to consider this 
ossicle as his (Thilenius’s) “ ulnare externum =tho ulnar part of Pfitzner's triquetrum 
bipartitnm of the adult, found in the human embryo **. lie adds, however : “ Infoige 
der radialen Versehiebung des Carpale (1 + 5) erreicht es indessen aucli das Metac. V.” 
The question is whether, when an os vesalianum is present, the hamatum is really 
displaced, or is not rather in its original position ; only secondarily either supplanting 
the vesalianum, or acting in a compensatory manner for it, when the latter is either 
displaced or has disappeared. When comparing Thilenius’s figures 11 and 12 of this 
“ ulnare externum ” ff with figures 13and 11^+, represenl iug a later stage 1 , tin 1 impression 
is conveyed that in the latter this ulnare externum (nr) has been displaced proximally 
by the ulnad extension of the hamatum. A secondary proximo] displacement of a. carpal 
(or tarsal) would, however, be quite unusual, and Thilenius has expressed some doubt §§ 
whether the figures mentioned all represent the same bone. In fig. 11, where no abuts 
upon (Metac. V, the former element might be Efitzner’s vesalianum (carpo-metucarpale 8. 
Thilenius). The text-figure XXXIV of the present paper seems to exclude the 
possibility, ventilated by Thilenius ||||, that “vesalianum” and “ulnar* 1 , externum” — 
which have not yet been found together in the same manus of Man — might represent 
one and the same bone. The enormous ulnad and volad expansion of the ulnare, 
as shown for the Lagomorpha in this figure (XXX1Y) — which occurs in other Mammals 
also — leads to the assumption of its being a compound of an uluare+nluare externum 
Tlulen. The “ulnare externum” ( = ulnar part of triquetrum bipartitnm lMitzn.) would 
then be the second (central) carpale of the fifth ray (V. 2). 

Meckel has described the os vesalianum in Erinacetis : — “ Her Jtjcl hat in der obern, 
weit breitern Ordnung cier lvnochen. Kahn- und Moudbeiu sind zwar verwaclisen, 

* Oss. loss. v. 1, p. 127 (lb-3). 

+ 4 An introduction to the Osteology of Mammalia/ 3rd ed. lig. 110 rf/’ p. 307 (lSi>f>). 

X Oss. foss. v. 1, p. 4b (lb23). § lb. pi. li. lig. lU. 

|| Lerons d'Anat. comp. 2do ed. i. p. 427 (1S35). 

Morph, Arb. (Schwalbe), v. pp. ;50S, 5U9 (lbOG). 

Morph. Arb. v. pp. 473, 474 (lbUG). 

tt Morph. Arb. v. pi. xsi (1S9G). Tb. §§ lb. pp. 4S9, 5US. , || lb. p. 4 60. 
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allcin das <rrosse dveieckine Bein trnirt ansson und corn eincn kleirten, runden Knoclien 
eingelenkt, den man ein zweites ’Erbscnbein nennen kann. Von den vier vordern 
ist das ITakenbein weit kleiner als gewbhnlich, und das drcieckigc stosst dalier aussen 
betriichtlich weit an den fiinften Mittelhandknochen " *. 

Owen mentions the same ossicle in the Hedgehog, but more distallv: — “A sesamoid is 
attached to the outside of the base of the metacarpal of the digitus minimus ” f. In 
a left carpus of Erinarms rurop<rits lying before me, the ossicle articulates with both 
the ulnare and Metac. V, the facet for the latter being smaller and, as in Priodon , 
situated ulnad from the ulnare. The same hone is mentioned in Gymmtra by Dobson 

Referring to this ossicle, Leboucq says “ Ce qu’on appelle P pisiforme, existant chez 
(]uelques mammifercs (herisson, tatou, etc.), nest quTin sesainoide devcloppe dans le 
tendon dc rcxtcnscur cubital clu carpe”§. It may he a matter of surprise that, in the 
same chapter in which Leboucq insists with strong arguments that t he pisiform cannot 
he classed among “ les os scsamoides,” lie easts aside with a few passing words this 
equally important hone. The explanation is to he found in the words chez quelques 
mammifercs;’' the author being evidently not sutliciently acquainted with the “ os 
vesalinmun.” 

Having placed the facts before the render, 1 have now to sum up. All the attempts 
(Leboucq, Rnur, Rosenberg, Pfitzner, Thilenius) to trace ontogenetirally the pre- 
sumed fusion of carpalia 4 and 5 to form the “ hnmatum ' have confessedly failed. 
Gegenbaur explains this negative result by supposing that ihe .Mammalia inherited 
t lie “hamatum,” from lower Vertebrates. This leads him to the assumption that the 
occasional occurrence of two separate carpalia (land 5) among Cetacea is secondary ; 
the more so as we find other very considerable 1 changes in the maims of those 
animals ||. 

To this argument might be opposed the daily increasing number of instances 
brought forward in which we see primitive characters occurring precisely in those 
species, or in those organs, which in other respects are highly differentiated (specialized), 
the preservation of old characters being* obviously due to tin* specialization of others. 
This by no means new truth was, if I am not mistaken, first enunciated by Haeckel. 

In support of the foregoing, 1 wish to refer to a very notew orthy remark by Gegenbaur 
himself. In defence of certain conclusions arrived at in his well-known Glicdnnmssen- 
skeiefc dcr Enaliosanrier ” % lie states that in Sauropterygia and Ichthyopteiygia the 

* System (1. vergl. Anat. ii. 2, pp. 393, 294 (1S25). t ‘Anatomy of Vertebrates,’ ii. p. 390 (1800). 

X ‘ A Monograph of the Insectivoraf p. 21 (1SS2). § Arch, dc Biologic, v, p. S4 (IsS4). 

II Die Ki nheit lichkeit des ffanntftnn dcr S;iugethierc ist von mir als ein auf dem Wcge der Phylogenese 
envorbener Be fund crklart worden, da in uiedereu Abtheilungen der vievtc und fiinft-o Finger jc ein discretes 
Oarpalstiick besitzen. I >a jener Enverb dnrcli Conereseenz bald auf die Saugetbiero iiberging, mdchte ich bezweifcln, 
dass im Carpus der Cctacoen der uiedere Zustaud noch zn erweisen ist, selbst wenu auch untor den vielerlei dort 
bestehenden Befunden ein Carpale 4 uml ein Carpale 5 sicli darstellt I>enn die iibrigoii Veraiiderungen sind in 
diesem Ilaudabscbnitte zu bedeutend, als dass ein sivtuidHr crfolgtes Zustandekonimcn eines dem nrsprunglickcn 
ahnlichen Verhalteus zweier distaler Carpalia ausge.sehlosscu ware/’ (C. Gegenbaur, Vergl. Anat. der Wirbclthiere, 
i. p. 542, lspsy 

\ Jen. Zeitschr. v. (IsTO). 
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adaptation to a new function does not in any way explain the typical features of their 
limbs. “ Where ice meet with similar adaptations, the original condition has never been 
completely effaced " (italics mine)*. 

The undivided condition of the “ hanintiun ” in terrestrial Mammalia ean now be 
explained in a A ery simple and obvious manner, since by means of the “ os vesaliauum ” 
avc are enabled to show that the presence of a separate ear pale 5 is not in the least 
limited to af ew eases among Cetacea, but is a frequent occurrence in other Mammalia 
likeAvise, a circumstance which lias hitherto either been wrongly interpreted or entirely 
overlooked. The “ luimatum ” of Mammalia is not carpale 4 + 5 of Reptilia, but it is a 
earpale 4 which, as a rule, has become enlarged, and lias, in addition to its own functions, 
usurped those of carpale 5. "Whether a usurpation is in every instance to be assumed 
is another question, tvhich cannot be entered into here; it may, for the present, be 
sufficient to repeat that the superadded function of carpale l may often be not the 
cause but the consequence of the degradation of carpale 5. 

Where carpale 5 is absent in the terrestrial Mammalia, it lias, so far as my experience 
goes, either disappeared by atrophy, or become absorbed by the tuberosity of Metac. V, 
as in Man. Finally, therefore, since the fusion of carpale 5 with carpale 4 has never 
been observed in these, its occurrence may be peculiar to the Cetacea. 


Remarks ox the Metata uses axd Tarsus op 


Lagomo unions Rodextia. 


1. Jletatarsale I and Tar sale 1. — Krause stales f that in adult Rabbits the os tarsale 1 
becomes fused with the os Metatarsi 1, and for this he refers to his tcxt-ligure GIb. 
lie continues as follows: — ‘■‘In new-boni animals, however (fig. (it a), the tibial 
prominence of the proximal extremity of Metat. 1 is independent, and consists of an os 
tarsale and a lengthened distnlly-pointed hone, representing a rudiment of the hallux, 
at the distal end of which there is inserted the tendon of the in. tibialis autiens. In 
reality, therefore, the os tarsale 1 of the Rabbit is the o.t. 2 of Man, and the os 
Metatarsi I of the Rabbit represents the os tarsale 1. the hallux and os Metat. II of 
Man." So far as the tig. 04 a, “horizontal section of right hallux of a 12-davs-old 
Rabbit." goes, this is correct, assuming that the two outliue-tigures of the tarsalia 
(1 and 2) are meant to show them in a cartilaginous condition. But the lettering of 
lig. 04 B, “ right os Metat. 1 (meaning Metat. 1 1 of comparative anatomists) of an adult 


* “ . . . muss daran festgchaltcn worden, (lass die Anpassung an cine neue Function koineswegs dasT\pische tier 
(tlicdmaasseniorm zu erklaren verrnng. Wo wir soiclien Anpasstingen begegnen, hat sic li dor urspriingliche Zustand 
nie gauz verwisebt. In der Flosso dor Balaenen ist das Siiligcthierarmskelet ldar zu erkcunen, rbenso wio bei den 
Choloniern die Sckildkrbtenextremitat. Hier boi don Ennliosauricrn ist anoli gar niolits ant lvcptil ieu Beziehbares 
am 1 ; lessen skelet. vorliandcn. Von dor sclion boi Amphibieii vorhandenon 1 hiforenzirung von boidorloi (Jlicdinaassen 
nicht oin hlasscr Schein ! Es miisste also an dor Gliedmaasse oiu Eiickgang bis zn don ersten Aufaugen erfolgfc 
und von dieson lior cine selbstiindige Ausbildnng cingctrcten sein, wenn Beziebungen '/urn BopLilieutjpus bier 
oimnnl an der Gliedmaasse bcstnndcii bahen indgen. Jedonfalls gchdron dies© Bildungen nicht in dio lteihe der 
Beptiliengliedinaassen, soudern untcr die Anfiingo, wie sie donn gerade in dem sclion beregten Mangel des Differcnt- 
wordons von Vordcr- und ITintercxtremilat sogar unterbalh der his jetzt bekannten Beptilien sich stellen. x So 
birgt sicb in dicsen Fragcn ein intoressantes Brjldem/' ( Vorgl. Aunt, der Wirbeltbiere, p. 
t W. Krause, Anatomic d. Kaninchens, 2 tv Aufi , p. 1P>- ( l ss 4). 
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R b))it, from the medial side, is erroneous. The process I, “place of the real Ilallux," 
is the tuberosity of the Hetat. II; with this tuberosity neither tbe tarsale 1 nor 
the rudiment of the Hetat. I come in contact, and therefore they cannot form a 
connection with it. The proximal process of Hetat. II, numbered 1 ( = placc [ft cite] of 
the real os tarsale priinum), represents instead the rudimentary Hetat. I (see PI. 33. 
tigs. 5 and C> I), which in young Lepus is distinct, but afterwards becomes fused with 
Hetat. II. Tarsale 1 is visible in the young Rabbit in a cartilaginous condition * 
but in this species and in a Sylrilayus from Bogota, in both of which I hare been able 
to examine various stages, 1 have neither observed an ossification of it, nor a fusion 
with the rudimentary Hetat. I, as assumed by Krause and by Leche. It gradually 
shrinks and apparently is absorbed f. It is quite possible that in some species a fusion 
may take place as a rule or exceptionally; but I deny it to have been demonstrated in 
the Rabbit., in which it is said to bo the rule. Professor Ilowes informs me that he too 
has searched in vain for evidence of this. 

2. Fusion of Tarsale 2 with Jlei a tarsale II. — A fact hitherto not noticed in 
Lagomorpha is the fusion of tarsale 2, the mesocuneiform (e, of my figures) with 
Hetat. II. This fusion takes place in Frol a gun (PI. 38. figs. 17, 27 a), in Lagomys 
(PI. 38. figs. 10, 20 (o {)), and in some Leporkho. In Xesolagus Xetscheri (PI. 38. fig. 23), 
the figured specimen of which is not adult, the fusion is not quite complete ; in the older 
specimen at the Leyden Museum I saw it was complete. In a specimen of Sylrilayus 
brasilieusis from Lagoa Santa, the property of the Copenhagen Museum, tarsale 2 is 
fused in the right limb and distinct in the left; in an incomplete limb of the same 
species in the Royal College of Science, London, the fusion is complete. 

3. Pnccuneiformc. — As in the case of the vesalianum carpi (see pp. 501-3). my 
attention was arrested by an accessory bone in Prolagus sard as through a small facet ou 
tbe tibial side of the proximal termination of Met at. II, or rather of He tat. I, since, as 
shown before, this part is occupied in the young by the rudimentary Hetat. I, which later 
on becomes fused with Hetat. II (PI. 38. fig. 17, pc ; fig. 27 a , facet on the upper left side 
of Hetat. II). This is the region which corresponds to the insertion of the muse. tib. 
posticus, and therefore the ossicle, indicated by the facet, is the so-called distal p roe- 
hall ux, or Banr’s “ klauenartiges Gebilde.” Hinge has denied tin? existence of this ossicle 
in Lepns and Layout ys J, but L have found it in both families, and, as we shall see later, 
it has been met with as a ran; occurrence even in Lepas europteus. In Layomys it 
articulates (PI. 38. figs. 15, 16, 20 pc) by a smaller facet with the navicular as well, 
and lies in the distal continuation of a much larger ossicle (fig. 20, ti), which articulates 
with the navicular and the astragalus. The latter is undoubtedly Baur’s and Leboucq’s 
“tibialc ” (the proximal ossicle of Von Bnrdeleben's “ pramallux ’ '). 

I find the smaller, distal, ossicle in the following Leporkhe, viz. in Xesolayns 

* See Leehe, in Bronn’s Klass. u. Ordn. d. Thierr. vi. v. Lief. pi. xevi. fig*. 3 (1SS5). 

t Retterer (Comp. -rend. et Mem. Soc. Biol. (10) i. p. S07, lss>4) regards tbe ossicle, which I with others hold to he 
a rudimentary Met at. I, as tarsale 1 , denying all trace of the former. The presence of a cartilaginous tarsale 1 in young 
Rabbits is easy of observation, but presumably it was not yet ehorulrified in the stages examined by Retterer. 

£ II. Winge, Jordfuudiie og nulevende Gnavere," E Museo Lundii, i. p. IdU ^1SS7). 
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JS'efscheri (PI. 38. fig. 23, pc)\ in Oryclolagus erassicaudutus (fig. 22, pc), where it 
seems on its way to undergo a synostosis with Mct.it. II ; in Caprolugus hispid ns 
(tig. 21, pc), where it lias shifted its position completely to the volar side of Metat. II ; 
in a specimen of Sylrilttgus Orasilieusfs, from the Copenhagen Museum ; and lastly in 
the 'Wild It ah bit, where the ossicle is very small and situated volad as in C. hispidus. 

I owe this specimen to Mr. Sherrin, Articulator in the Nat. Hist. Mus., who at my 
request dissected some Rabbits' feet, in search of the ossicle in question. 

In his careful researches “ Ueber den Saugetier-Priehallux ” *, Tornier met with this 
ossicle in one case only of all the Rabbits’ and Hares’ feet examined, and great stress is 
laid on this isolated occurrence. “ Hie Lage dieses iiberziihligen Knochelchens beweist 
unwidcrleglich, dass cs selbst liomolog ist dem Knoclien welch er hei vielcn der hisher 
untersuehten Tiere der I 1-Medialseite gegeniiber liegt. Ha cr an Hasenfussen 
individuell auftritt uud an jun gen lvaninchen- und Hasenfussen nicht vorhanden ist, so 
ist es zweifellos, dass er cine secundare Bildung ist, und daraus ist mit Sicherhcit zu 
schliessen, dass er ancli hei den Tieren, wo er immer vorkommt, eine secundare Bildung 
ist”f, And again: “Her muse, hallucis abductor- Knochcu kommt endlieli drittens 
zuweilen hei erwachsenen Yertretern solcher Thicrartcn vor, hei welchen der Knochcn 
u nter normalen Umstanden weder ini Alter noch wiihrend der Ontogeuesc vorhanden ist 
( /rnpus timid us) | ; bei diesen Individuen ist er — dagegen gieht es keineu Widerspruch — 
secundar entstanden ” Therefore, as already stated in the first-quoted passage, he 
again asserts that the homologous hone in all other Mammals is equally secondary. 

Even if the presence of the ossicle in question, as believed by Tornier, were limited to 
exceptional cases in one species of Lupus, the author’s arguments would not be 
valid. It is one of the characteristics of these reduced “accessory' hones to ossify 
very late (Thilenius); and its exceptional appearance in L. europneus could, a priori, 
he interpreted quite as well in t lie sense of a disappearing element, as in Torniers 
sense. But the presence of this bone as a constant element in Lagomykhe and several 
Leporid.e totally changes the aspect of the question. In the more primitive forms of 
Lagomorplia, the ossicle seems always to be present and proclaims itself a reduced 
element by its varying size and position. In those Leporidic — of which L. curoptcus is 
the prototype — which are the most specialized for leaping, we must expect it to he of 
quite exceptional occurrence. 

The ossicle has been observed in the “Hare” likewise by Pfitzncr||, who calls it the 
prd’cuueifonue. As to whether this and similar accessory hones are to be considered 
as “secondary ’ or “ sesainoids," Pfitzner has shown us the way how to proceed 
viz. that we cannot base our conclusions on the examination of a single specimen 
or a few species. The “ prieouneiforme ” has been studied by Bfitzner especially 


* U. Tornier, Ueber den Saugetier-Priehallux. Ein drifter licit rag zur Phy logenese cl os SaiigetierfussesA Arch, 
f. Xaturgescli. 1391, pp. 115-^04. 

t Op. dt. p. 1S1. i Meaning Lfpiia an\>pn Pall. § Op. at. p. 190. 

|' Moiph. Arb. (Schwalbe) i. p. 533 (1392); iv. p. 354 (1395). Prof. Pfitzner lias kindly informed me that the 
species is L . atrojtcuts , Pall. 

• U. cr. ; and Morph. Arb. vi. p. 394 (1390). 
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in the Carnivora (where it had been seen by Meckel) ; and of the Polecat alone 
he examined seventeen specimens. Ilis conclusions arc summed up in the following- 
words : — “ Skelet und Musculatnr variieren unabhangig von einauder, da iindet kein 
Ineinandergreifen heider Processe statt, hochstens, und stets mu* * * § in besehvauktem 

Maasse, ein gewisses Nebeneinanderherlaufen Muskeln und Muskelansiitze und Skelet 

variieren ohne innere Korrelation, und dtshalb ist es fiir die Dcutung eines bestimmten 
Skeletstiiekes gnnz irrelevant, ob ein bestimmter Muskel sieli damn ausetzt oder nieht. 
Das Praecunei forme bleiht das Pnecunei forme, ob sieli M. tib. anticus oder it. till, 
posticus gauz, theilweise, oder gar nieht damn ausetzt, und fiir die Deutnng eines 
Skeletstiicks oder selbst seiner Komponenten, also fur die etwaige Frage, ob audero 
Skeletstiicke durcli Assimilation mit ihm vereinigt sirnl, bleibt es ganz gleiehgiltig und 
ohne jedc Beweiskraft, weleher Muskel an ihm inseriert. — Aber aueh mit den Bandern 
steht es nielit anders ; aueh sie variieren nach Vorkommen und Ausbildung ohne 
Riicksieht auf die Skeletstiicke ” *. And Thilenins : “Die Beziehungen, welelie die 
aeeessorischen Flemente der chiropterygialen A irbelthiere zu Muskeln, Sehnen oder 
Bandern besitzen, sind nieht primiire Erseheinungen, soudern secuudiir wiihrend der 
Ontogenese erworben " f. 

’When the “tibiale” is not a separate bone, as in many Rodents, it is considered to be 
part of the navicular, the “ tuberositas navicularis medial is ” (Baur, Leboucq, Emery J). 
It does not seem to me to preclude the assumption of a medial tibiale, which would be a 
part or the whole of Emery’s “ paracentrale” §, the first element of the second ray (11, 1). 
If then the tibiale marginale (or externum) is tin- first element of the first ray (1,1), the 
suggestion lies not far off that, like the distal “ pnepollex,” the distal “ pradiallux ” 
(pra-cuneiforme) is the second element (1,2) of the same ray, but that it has generally 
been thrust out of the series. 

1. “Accessory ossicles'’ articulatiny with Diet a tarsal T ~- — On PI. 38, fig. 9, [ have 
represented the enlarged figure of a right Metat. 1’. from La drive, a from the dorsal, 
h from the volar side. This is still another instance of a fossil metapodia], presenting 
unusual articular facets, for which, for a long time, I was unable to account, for want of 
material for comparison. 

The ossicle is much larger than the Metat. V of Prut ay as o’lth/ycnsis, which other- 
wise resembles it closely, exhibiting the same particulars as do the fifth metatarsals 
of Prolayas sard its and P. sard as var. corsicaaas. I must leave it undecided whether the 
figured metatarsal belongs to Titanunujs Foa tannest or to Layopsis vents , which, judged 
from other parts of their skeletons, were both of about tin* same size. 

On the volar aspect (h) is seen a large facet, starting from the proximal end and 
running obliquely in the direction of the tuberositas lateralis. In Leporidae I find in the 

* Morph. Arb. vi. p. 394 (1S9<>). 

t ihhl. v. pp. 544, 345 (1395). 

4 (A Emery, “ Beitr. z. Entwicklnngsgesch. u. Morph, cl. Hand- u. Fus^skelets der Maisupialier (Semons 
4 Eorseliungsreisen in Australieu/ ii. pp. 394, 395 (l v 97). 

§ C. Emery, u I>ie fossilen Iteste von Archeyi stutrus und Ertfops und ilire Lcdeulung fiir die Morphologie des 
Gliedmaassenskelets,” Anat. Adz. xiv. pp. 20U, 3(>7, tigs. 3-7 (1393). 
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corresponding’ part no facet, but instead, either a convex swelling of the region, or in some 
cases, on the contrary, a more or less rugose depression. In Lagouiys (L. rufesceus and 
L. mclunostomvs) there is the facet in the same place, and articulating with it a 
comparatively large orbicular or triangular ossicle. I think it probable that, in those 
Leporidae ( Capivlagus hisphhus, C. Netscheri, Sylvilugus bmsiUemis) where the corre- 
sponding region of the Metat. V is raised to a convex protuberance, the ossicle in question 
has become fused with the former boue. 

A similar ossicle has been met with by Pfitzner in Carnivora, viz. in Ursus arctos and • 
in Lulm * * * § . I find the same ossicle in Cercopithecidie, in Jfitx, and, among Insecti- 
vora, in JUrinaceus , Gymnura, Jlyoyulc, Comlyhim and Centetkke ( TAmnogale , 
Ovyzorycles, Jl/crogale). In the latter, and in Jlyoyule, it is enlarged transversely and 
extends also on to the base of Metat.. IV. 

Piitzner homologizes the ossicle in Carnivora with a similar one on the fifth metacarpal 
of Primates (os hamuli), and regards these and similar occurrences in the third tarsal 
ray (os unci, in Felix) as carpalia (or tarsalia) which have become “ abortive,” and have 
been secondarily displaced towards the volar sidef. The question would then arise 
whether we have to consider the ossicle of the Metat. V as pertaining to the fifth or to 
the fourth ray; for from its position — and the same remark applies to the “os hamuli” — 
on the tibial side of the Metat. V, and sometimes articulating with Metat. IV also, it may 
belong to either. For the present the question cannot he settled ; hut since both tarsal 
and carpal elements in question are of apparently widespread occurrence, we may hope 
to get better acquainted with them before long. In the marsupial Pcmmeles obesula, 
Metat. IV and Metat. V have each a separate plantar hone, articulating with their 
proximal capituluni J. 

On the dorsal side of the tuberosity of Metat. V — on the left in tig. 9 a — is seen what 
appears to he a facet, partially extending to the volar side also. The same facet is 
present in both species of Prolug ns. It at once recalls to mind what occurs on the 
Metac. V of Prolagus and Lugomyx, and some Leporidie, where empale 5 (os vcsaliannm 
carpi) articulates with the tuberosity. 

A distinct os vesalinnum tarsi (I’fitzner) is a very rare occurrence in Man, in whom it 
has been seen hv Vesalins, Gruber, and Spronek §. Pfitzner never saw it free; when 
distinct — one case figured by Vesalins, two described and figured by Gruber, one by 
Spronck — it is situated on the tibular side of the pes, “ iu the angle between the cuboid 
and Metat. V, articulating with both.” An epiphysis which may occur ou the tuberosity 

* Tageblalt der GO. Vers, dent sell. Xaturf. und Aerzte in Wiesbaden, p. 25 1 (IS87). — Speaking of the Bear, the 
author states that the ossicle occurs on the plantar base of Metacarpal V ; fVorn the context it would appear that 
this is a misprint for Metatarsal Y • at any rate, in Lntra it is present on both Metacarpal and Metatarsal V, as 
stated by the same author. 

t Morph. Arb. i. pp. 7, 8 (1801) ; 5 41, 542, 587 (1892) ; iv. p. 539-545 (1895). 

+ Y. Emery, Beitr. z. E l i t w i ckl u ng w gescli . u. Morph, d. Hand- u. Fussskeletts der Marsupialia ” (Semon’s 
1 EorschuL'gsrcisen in Australien,’ &e„ ii. p. 381, Taf. xxxv. tigs. 45, 40 (1897). 

§ Morph. A ill. i. pp. 522, 595, 590, 750, 757 (1892); vi. pp. 472-475 (1890). 
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of the human fifth metatarsal is considered by Pfitzuer * as one of the terminal stages 
of its assimilation by the latter bone. 

I find an epiphysis on the tuberosity of Metat. V in the Rodent genera Georycluis and 
Cteuomys. The bone itself 1 have never seen independent, but, from what I have stated 
above as to the fossil metatarsal, there can hardly be a doubt that an ossicle articulates with 
the tuberosity. The cuboid of Prolayttu, of which I have a number of specimens, shows 
a facet — absent in Leporidae — on the proximal fibular side; and this, together with the 
facet on the tuberosity of Metat. V, suggests the presence in these Lagomykhe of either 
one ossicle articulating distad with the [Metat. V and proximad with the cuboid, or two 
ossicles, the proximal of the two articulating with the cuboid, the distal with Metat. 
V ; both possibly articulating originally also with each other at their apposed surfaces. 
Considering the rather considerable distance which must have occurred between the two 
facets, the latter hypothesis — of two bones — seems the more probable. 

The presupposed proximal ossicle would be the homologue of the “os peroneum ” 
(Pfitzuer) of Man f and other Primates, which is the so-called sesamoid in the terminal 
tendon of the peroneus longus muscle. Lt has in Man, according to Plitzner, a frequence 
of about 8-9 °/ 0 , and is situated on the postero-lateral end of the eminentia obliqua ouboidei. 
“ Hier lindet sieh in den Fallen hosier A nsbilduug eine seharf abgesetzte Facette, der cine 
gleiehe nut' dem Peroneum entspricht ” {. This os peroneum was seen by Daubenton in 
Hylobatex : “ 11 y a de plus dans le gibbon un huitieme os place an cote externedu tarse, 
a l’endroit oil le ealcaneum touche an euboidc ” §. In the skeleton of a Jlylobates lar in 
the Natural History Museum, there is to be seen an ossicle articulating with the cuboid; 
and it is of quite general occurrence among the Cercopitheekbe. Gillette mentions it in 
Monkeys generally as articulating with the cuboid ||. Whether the ossicle mentioned 
by G. Fischer in the Tarsi us is a vesalianum or a peroneum f cannot decide for the 
present, lie says : “Aueh fiudet man in den Tm'seni noch ein uberzahliges Beinchen, 
rund, liuseniormig, doch langlich, welches eigentlich auf dem letzten Mittclfussknoehen 
aufsitzt, der sich immer mit seinem Kopfe weit nach liinten zieht ”*T. I see the “ pero- 
neum” ilia minute ossicle in Limnoyule (an aquatic member of the Malagasy Centetkhe), 
adhering to the tendon of the muse, peroneus longus, laterally from the cuboid, and I 
believe the reason that it has not been more frequently seen in Mammals is that the 
muscle is generally cut away in preparing the skeleton. 

* Alorph. Arb. vi. pp. ~Gl\ 2G3, 474 (180G). 

t Ibid. i. pp. 530, 531, 504-508, figs. ll\ 13(180!?) ; vi. pp. 45G-4G2 (1800). 

X Ibid. vi. p. 45G. 

§ Buffo n-Paubciit on, llist. uat. gen. et partic. xiv. p. ]OG (1700). 

| “ Chez les singes, l'os sesainoule du peronier lateral est tres-volumineux. puisque, ehez des individus de petite 
taille, nous Pavons irouve au meins aussi gros que ceux du pouee de Phomme, constant et ayant la forme <Tun trois- 
quarts d’ovoVde regulier: il possede une face veritaMenient articulaire, un peu cunvexe, et qui repond a unc facette 
egalemeut encroutce de cartilage de la partie inferiourc du cuboide.’’ (Journ. de l’Anat. et de la Physiologic, viii. 
p. 533, 1*7-.) 

€ Gotthelf Pi, seller, ‘Anatomic der llaki,’ p. 154 (1804). This ossicle is not mentioned in Burmeister s k Be it rage z. 
mill. Kentniss der Gattuug Tarsias * (1*40). 
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The “peroneum” would then be hoinodynamous with the uluare externum Thil. 
(ulnar part of Pfitzner’s triquetrum bipartitum),=Y 2 ; and the vesalianum tarsi with 
the vesalianum carpi, =V 3, or tarsale 5, the cuboid being tarsalo 1. 

The cuboid of Mammalia is generally considered to be a compound of tarsale 4 + tarsale 
5 ; but where an os vesalianum, or its traces on the tuberosity of Metat. V, are present 
such a supposition cannot, however, be admitted. Emery found in embryos and pouch 
specimens of the Marsupial genera DideJphys, ^Ppyprymnns, and Phascohn-clm separate 
tarsalia t and 5 *. "For the former genus at least lie has demonstrated that tarsale 4 
and tarsale 5 become fused in later stages. This instance of a compound Mammalian 
cuboid (tarsale 4 and 5) is the only one in the literature which can be taken seriously ; 
but it is quite possible that in other Mammalia too the vesalianum may be assimi- 
lated by the cuboid, instead of by Metat. V, as in Man and some Roden tia. 


Concluding Remarks and Suggestions as to Classification. 

The oldest known lagomorphine genera, Tilanomys, and Paheohif/its, have several im- 
portant characters in common : still, the differentiation into Lagomykbe ( Titanomi/s ) and 
Eeporidie (Pahrolayus) had already taken place. In the number of upper molars and in the 
shape and composition of the bony palatal bridge, I'itauomys shows itself the precursor of 
t he recent Lar/omys, Pulceolayns of the recent Lrpitx ; and it is therefore advisable to retain 
the two groups as families, although they converge back in time. Moreover, in other 
characters — absence of supraorbital processes, pattern of the cheek-teeth — Palicolayus 
approaches nearer the Lagomyidie than do the more recent Eeporidie. In the gradual 
transformation of their cheek-teeth, both groups, as has been amply demonstrated, run 
parallel from the Lower Miocene down to recent times. The Lagomyidie, as at present 
known, start from a more primitive type than the Leporidie, siuce in Titnvonn/s the 
cheek-teeth have remnants of roots and the upper ones preserve their original pattern 
throughout life ; whereas in Pahrolayit.s, so far as I know, the cheek-teeth are already 
rootless, and in old age they lose their original pattern, without, however, developing the 
new one. Tn the transformation of their tooth-pattern the Leporidie eventually go a step 
beyond the point at which the Lagomyidie stop, the cheek-teeth of Loptts being more 
completely metamorphosed than those of recent Lnyumys. In this respect, as well as in 
the specialization of their limbs for swiftness, correlated with the greater perfection of the 
sense-organs— and, as a consequence, with corresponding modifications of the skull — 
the Leporidie are to be considered the more specialized of the two ; hut there are several 
members of the Leporidie which, with regard to the two last-mentioned sets of characters, 
and the complete or almost complete absence of the tail, preserve considerable similarity 
to the Lagomyidie. By the absence of the upper m. 3, and by some peculiarities of 
the cranium, pointed out by AVinge (perforation of the fossa pterygoidea — fusion of the 

* Atti Acc. Liiicei, Rend. iv. 2, ]>. 274 (1595) ; id. in Semon’s • Forschungsreisen in Australian,’ etc., ii. jtp. .'>74, 
37$, 3$3 ; tigs. 20, 30, 31, 50 (1807). 
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spongiose os tympanicum with the petrosum), the Lagomyida? are more modernized than 
the Lepomlm. 

If we take for a guide the gradual metamorphosis of their upper cheek-teeth, the order 
of succession in Lagoinykhe is : Titauomijs , Prolagus , Lagopsis , Lagomys. Lagomys is 
clearly the offspring of Lagopsis ; but Lagopsis cannot be descended from Prolagus , the 
latter having lost the last lower molar (m. 3), which is present in Lagopsis (and Lagomys). 
Lagopsis must have taken its origin from a form with upper cheek-teeth like or nearly 
like those of Prolagus, hut provided with a lower m. 3, a hypothetical “ Prolagopsis” 
descended from Tilanomys or some closely related form with persistent lower in. 3. In 
Tilanomys ( T . visenoviensis) there is already the beginning of the tendency to the loss 
of this tooth. Prolagus equally descends from a Tilanomys- like form, and has continued 
without much change from the Middle Miocene to the present era, since it still lingered 
in Corsica at the Neolithic period. 


Titammtys 


(Proltfr/ojisis) 


PiUthttJHX 


Ltirfo/>xis 


Lar/ounjs 


LeporidiP. — Apart from attempts to separate the Rabbit as a genus from the rest of the 
Leporithe, which have not, however, met with common assent, the family has pretty 
generally been considered to he composed of one recent genus only, Lepits. Ln 18 to, Blyth 
proposed a new genus Citprolagns, for rearson’s Lepits I/isp/dit* **. The appropriateness 
of this generic distinction has been contested by Hodgson and by "Waterhouse. The 
former, omitting to take into consideration the remarkable configuration of the skull of 
the Hispid Hare, pointed out, that ‘‘ In the Timid and Red-tailed Hares the long ears, 
the large eyes, the frame as well suited to extreme speed as the eyes and ears to effective 
vigilance, are certainly in remarkable contrast with the small eyes and ears, heavy frame, 
and short equal legs of the Forest Hare : hut all these distinctions, as well as those of 
domicile, become less and less tangible in the Variable Hare, the Rabbit, the Tolai and 
the Tapiti, in which moreover we have variously reproduced, even to the subordinate 
peculiarities of the Indian Forest Hare, such as its white flesh, its short tail, its 
subterranean retreat and creeping adhesion thereto, so unlike the dashing career of the 

* E. Itljth, “Description of Caprolagus, a new Genus of Leporine ilaminalia; with two plates." Journ. As. Soo, 

liengal, xiv. i. pp. 247-241) (1S45). 
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red-tailed and English species ” * * * § . ‘Waterhouse’s objections are to the following effect : — 
“Strongly marked ... as these distinctions are, if the Assam Hare be compared with 
the Common Hare, they arc less so when that animal is compared with the Indian nare 
(Lcpus ruficaudatus), and much less so wheu it is compared with the Lcpus bmehyurus 
of Japan. This last-mentioned animal has the short ears and tail of the Lcpus hispidus , 
and the same large molar and incisor teeth, combined with a powerfully-formed skull, 
but in this skull the notch which sets free from the fore part of the supraorbital process 
is not absent, as in Lcpus hispidus : it agrees in having the patch unusually long, but 
differs from the skull of L . hisptdus (as it would appear from Mr. Blyth’s figures) in 
having the zygomatic arches straight and parallel as in other Hares; the Assam species 
having the zygoma somewhat arched outward. The peculiarities which I have pointed 
out as distinguishing the lower jaw of the Lcpus ruficuudatus from that of the L . timidus 
are also found in the lower jaw of X. hisptdus , hut here the angular portion has a still 
greater transverse diameter ” f. The result of these criticisms was the withdrawal of 
the genus Caprolagus by its author J. 

For my part, I am unable to accept these opinions. Some of the remarks of the 
former writers are undoubtedly just, and two of the examples of other Leporine species, 
adduced by Hodgson, as resembling the Hispid nave, are more to the point than 
Waterhouse’s comparisons. But the conclusions I infer from them arc very different 
from those of these authors. The external characters and the conformation of the skull 
and limbs, in which the Hispid Hare is distinguished from X. curopmus — taking this latter 
as the type of the genus Lcpus s. str. — are very remarkable. The circumstance, which 
I shall more fully point out hereafter, that there are other Leporines approaching the 
Hispid, simply shows that the latter- -apart from its specialization as the only true 
fossorial member of the family — does not stand alone, and that several other species 
equally deserve to be separated from the genus Lcpus. 

The first attempt at a tabular arrangement of the species of Jjcpus , according to their 
affinities, was made by Baird §, who availed himself of the characters of the skull ; limiting 
himself — with the exception of “ Lcpus cuuicnlus ” — to North American species. The six 
sections into which the genus is divided show that this excellent observer had on the 
whole a right conception of the affinities of this group. Not all his sections, however, 
are of equal value; section B, comprising L. adijbru/cus and X. cullotis , is in reality 
more closely related to A (X. timidus , X tjlacittlis , X amcnctutus , X. campestris , Ac.) 
than to the other sections ; and the same may he said with regard to E (L. Trowbridtjei 
and X. Audubonii), which, as a matter of fact, is in closer relation with 1) (X. sglvaticus 
and allies) than witli the rest. 

With such a good example to follow, a successor, taking up the whole of the kuown 
Leporkhe, might have been enabled to make a further step forward. This is what J. E. 

* 1>. H. Hodgson, “ On the Hispid Hare of the Saul Forest ” (Journ. As. Soc. Bengal, xvi. i. p. 574 

f (4. It. Waterhouse, ‘A Natural History of the Mammalia, ’ ii. p. SO (1848). 

J E. Blytli, Catal. Mainm. in Mus. Asiat. Soc. Calcutta, p. 1U3 

§ Spencer F. Baird, ‘ Mammals of North America/ pp. 574, 575 (1850), 
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Gray attempted to do * * * § . Prom the title of the article, “ Notes on the Skulls of Hares 
(Leporidae) and Picas (Lagomyube) in the British Museum,” the actual contents could 
not be guessed, for the work is an attempt at a complete classification of the Lagomorpha, 
in which several characters besides cranial are made use of. The characters assigned 
to the family Leporidae are in part either erroneous (characteristics of the molars), or they 
do not hold good for all the minor divisions, and are consequently partly in contradiction 
with the subsequent clue cteristics of the sections. This family is divided first of all into 
two sections, one reserved for Blyth’s Cuprotagus, the other for the rest of the Leporida*. 
This latter is again subdivided into two groups: — A. Hares, B. Babbits, the latter 
containing the Babbit alone, raised to generic rank ( Cuuieuhis ). In group A arc given 
generic names to some of Baird’s divisions. The latter’s D (ex L. sylcaticus ) becomes 
Sylcilagus , his F (A. aquations, L. pnlmtris) Uydrolagus ; while a genus Tape! i is 
created for the Brazilian Ilare, and Enlagos for “ L. mediterraneus" and “ L. Judaea'.’" 
In the subdivisions of this A group (Hares), great stress is laid upon a comparatively 
unimportant cranial character, which had cautiously been made use of by Baird. Thus 
we get two subdivisions : I. Postorbital process more or less united with the skull 

( Uydrolagus , Sylcilagus, Eulagos). II. Postorbital process separate from the skull 
(Lupus, Taped). 

The species of the genus *• Lupus" are classed according to geographical distribution, 
and thus there arc unavoidably thrown together very heterogeneous forms in the African, 
Asiatic, and American members. Among the latter arc L, Audubouii and L. Trow- 
bridge/, which are thus widely separated from Sylcilagus, containing their closest allies. 

The fore-mentioned paper was wisely ignored by J. A. Allen, in his Analysis of the 
species and varieties of North American Leporidae'}’. Allen on the whole follows Baird, 
with some improvements in detail, but with one step backward, by widely separating the 
Callotis group from L. timidus and its allies. 

Some of Gray’s generic, names have since been used as snbgenera, e.g. by Mearns, 
with whose “Analysis of three Subgenera of Lupus" %, containing some valuable 
information, I propose to deal elsewhere. 

A new genus of Leporkhe, llomerolagus , from Mount Popocatepetl (3350 metres), 
was described some years ago by Hart Merriam §. The author’s views as to its 
systematic position are summed up in the following words : — “ The skull, singularly 
enough, does not show the departure from Lepus that one would expect from a 
study of the other bones. It agrees in the main with skulls of the American Cotton- 
tails (sub gen us Sylcilagus), but differs iu the postorbital processes, which are small, 
divergent posteriorly, and altogether wanting anteriorly, and iu the jugal, which is 
greatly elongated posteriorly. The interparietal is distinct, and in old age becomes 
anlcylosed with the supraocci pita! . The thoroughly leporine character of the skull shows 
that the animal can hardly be regarded as ancestral to Lepus, as might have been 

* Ann. & Mag. Nat. Hist. xx. 3, p. 210 (1S07). 

t ‘ Monographs of North American Rodentia. — II. Leporidae/ by J. A. Allen, p. 283 (1870). 

t Proc. U. S. Nat. Mus. xviii. p. 551 (1896). 

§ Proc. Biol. 8oc. of Washington, x. p. 169-174 (1896). 
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inferred from its short ears, short hind legs, and various skeletal characters, but that it 
is a specialized offshoot from the genus Lcpus itself ’’ *. 

My own views as to the significance of the characters of Pomerolayus are about the 
same as those with regard to Caprolayus. They are certainly of generic value, by com- 
parison with those generally assigned to the genus Lcpus. But it does not follow that 
llomcroluyus can stand as a separate genus, or, to put it in a more general way, that 
it occupies an isolated position compared with other Leporidaj. I feel sure that if the 
same care had been bestowed on the examination of the skeletons of some other Leporidse 
near at hand, c. y. the aquatic Hares f, Hart Merriam would have arrived at the same 
conclusion as 1 have. It will probably he possible to show hereafter that llomcroluyus is 
specialized in some respects, as might be anticipated from its habitat. The remarkable 
shortness of the cars is presumably the combined result of inheritance and specialization. 
The absence of the tail is certainly an acquired character, as it is in Lagomys. The 
complete clavicle can scarcely be regarded in the same light ; but, although 1 know of no 
other member of the Leporidre having a “ complete ” clavicle, Romerolagus docs not, in 
this respect either, occupy such an isolated position as the author seems to think. That 
the skull is “ thoroughly leporine ” I cannot admit ; there arc several cranial characters, 
as will be shown, which are unusual in most Leporkke, but which llomcroluyus shares 
with Pahcolayus, with some recent Leporkke, and with the Lagomyidie, and which may 
be regarded as ancestral. 

The whole of recent Lcporidae may be divided into two groups, probably of higher 
than generic dignity, which might conveniently be called : A. Caprolayus group, and 
B. Lcpus group. 

A. Caproluyus Group : — 

1. Caproluyus : C. sicalensis, Maj. ; C. raldaruensis (A With.) ; C. liispidns 

(Bears.) (type.) 

2. Xcsolayus (nom. now) : A'. Nelschcri (Sehlcg. & dent.). 

3. Oryctolayus : O. cuniculus (Linn.) ; 0. crassicaudalus (Geoffr.). 

4. Sylcilayus, comprising in this term : — 

a. Limnolayus ( S . paluslris, aqua liens, &c.). 

b. Pomerolayus (S. Xelsotii, Merr.). 

c. Tapcli ( S . brasilicusis. See.). 

d. Sylcilayus ( S . sylcaticus, Sec.) 

The question whether 1-4 are to be considered as genera or subgenera is for the 
present quite immaterial. Sylcilayus s. str. is the least primitive of this group, and 
Oryctolayus stands somewhat apart. 

B. Lcpus Group. — This group contains the one genus Lepus s. str., including all the 
species not contained in group A. 

* Op. tit. p. 172. 

t This remark refers also to the limbs, although 1 do not know them from either. 
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The Caprolarpts group (A) differs from the Lcpits group by the following characters, 
part of which, as said above, it shares with Paheolayirs and with the Lagomyidto : — 
Lesser specialization for speed, and in correlation with this, lesser development of organs 
of sense (sight, smell, hearing). Lore and hind feet comparatively short and subequal. 
Ears short. Eyes smaller. Tail very short or missing. 

Cranium, depressed above, anteriorly and posteriorly very little bent downward. Upper 
contour of frontal s and posterior part of nasals almost horizontal (exc. Oryctohiyus). 
Inferior border of orbit — formed by malar bone — shorter than in th e Lupus group : sinus 
on the lateral face of malar not advancing so far forward (exc. in Oryctoh/i/us). Upper 
border of zygoma bent inward, inferior border arched outward (exc. in Oryctohiyus). 
Posterior appendix of zygoma elongate and, in correlation, mandibular condyloid process 
elongate also (exc. iu Oryctohiyus crussicauihitus). 

Infraorbital foramen larger than in hepits and its immediate neighbourhood almost 
devoid of reticulation. The heavier skull iu the A group is in evident correlation with 
the different mode of locomotion. The following cranial characters of A are apparently 
in correlation with the less developed organ of smell : — Horizontal portion of os palatinum 
comparatively well developed ; interpterygoid fossa and choanae comparatively small. 
Foramina ineisiva comparatively narrow and short. Anterior part of nasals less inflated 
than in Lcpus. Iu correspondence with the smaller eyes, the orbits are comparatively 
small, and the orbital processes more or less reduced. 

In conclusion, I wish to express my very special obligations to Prof. Howes for loan 
of material, valuable suggestions, and the pains he has taken in connection with this 
memoir. 


EXPLANATION OF THE PLATES. 

Plate 36. 

Fig. 1. Caprolayus ( Oryctohiyus ) cuniculus (Linn.), juv. Right maxillary ; d. 3-m. 2. 

Fig. 2. Plesiadapis Danbrei, Lem. Right upper molar. Enlarged copy from Bull. Soc. Geol. France, 
3. xix. (1891) pi. x. fig. 0:2 u. 

Fig. 3. Pelycodus hetvetiens, Rut. Right upper molar. Enlarged copy from Abh. Schweiz. Pal. Ges. 
xv. pi. fig. \2a (1888). 

Fig. 4. I 'rola (/ns sardus (AVagn.) . Left maxilla with deciduous teeth (d. 3-d. 1) and first molar. Monte 
San Giovanni (Sardinia). Br. Mus. G. 1). No. M34C4. 

Fig. 5. Caprolayus (Oryctohiyus) cuniculus (Linn.); slightly older than fig. 1. Right maxilla; d. 3— 
m. 2 ; alveolus of m. 3. 

Fig. 6. Titanomys Fontannesi (Dep.). Second (last) right upper molar (m. 2), almost disused. Middle 
Miocene. La Grive-Saiut-Alban (Iserc), as all the other specimens of this species *. 

Fig. 7. Titanomys Fontannesi (Dep.). First right upper molar ( ill. I). 

Fig. 8. Titanomys Fontannesi (Dep.). Posterior right upper premolar (p. 1). Br. Mus. G. D. No. 5268 
Fig. 9 Titanomys Fontannesi (Dep.) ? Second right upper premolar (p. 2) ? * 

Fig. 10. Prolayus ceninyensis (Kim.). The three left upper premolars (p. 3-p. 1) of young specimen. 

Middle Miocene. La G rive-Saint- Alban, as all the other specimens of this species. Br. 
Mus. G. D. No. 5234. 

* The figures marked thus are from specimens in the possession of the author. 

71 * 


516 


DIL C. I. FORSYTH -MAJOR OX 


Fig. 11 ProJagm sardus (Wagn.). Posterior right upper premolar (p. 1), from a vouug specimen. 
Monte San Giovanni (Sardinia). Br. Mus. G. D. No. M34G1. 

Fig. 12. Titunoinys Fontnnuesi (Dcp.). First left upper molar (in. 1), slightly worn. 

Fig. 13. Titunoinys Fontunnesi (Dep.). First left upper molar (in. 1), slightly worn. 

Fig. 14. Titunoinys Fontunnesi (Dep.). Right upper, probably deciduous, molar ; much worn *. 

Fig. 15. 'Titunoinys Fontunnesi (Dep.). Posterior right upper premolar (p. I) *. 

Fig. 10. Proluyns stirdus (Wagn.). Fragment of right maxillary ramus, with posterior premolar (p. 1), 
and the two true molars (m. 1, m. 2). Monte San Giovanni. Br. Mus. (i. D. bo. M3459. 

Fig. 17. Cuproluyus ( Oryctolayus ) cunicuhts (Linn.). Young individual, slightly older than fig. 5. The 
two posterior premolars (p. 2, p. I ) and the two anterior molars (in. I, in. 2) of the right side. 

Fi g # 18. Titanomys visenoviensis, II. v. Mey. Upper molar, much worn. Bravard Collection. Lower 

Miocene, Allicr. Br. Mus. (t. D. No. 31091-101. 

Pig. 19. TUunomys visenoviensis, 11. v. Mey. The two posterior premolars (p. 2, p. I), from a fragment 
of the right maxillary. Lower Miocene of Weiscnau (Germany). Br. Mus. G. D. No. 21495. 

Fig. 20. Caprolaytts (Sylrilayus) brasiliensis (Linn.). Bight upper posterior deciduous molar (d. I), from 
a skull in the Br. Mus. Z. D. No. 58.1.15.1. 

Fig. 21. Protayns comnyensis (Ivon.). Complete scries of the right upper cheek teeth (p. 3-m 2)*. 

Fig. 22. Lcpus ti audits , Linn. (L. variability, Ball.). Bight upper eheek-tceth of young individual j the 
two posterior deciduous molars have been removed, in order to show the overlying premolars 
(p. 2, p. 1). Ireland. AV. E. de AVinton, Esq. 

Fig. 23. Titunomys Fontannesi (Dep.). Left upper jaw, showing the empty alveoli of the five cheek- 
teeth. 4x1*. 

Fig. 24. Pro! ay as sardus (AA r agu.). Complete series of the right upper eheek-tceth, or (p. 3-m. 2). 
Ossiferous breccia of Monte San Giovanni (Sardinia)*. 

Fig. 25. Lepas enrojueus , Ball. Unworn right upper median premolar (p. 2) of young individual. 
From a skull iu the Br. Mus. Z. D. No. 523 /. 

Fig. 20. Lepas timidus, Linn. Posterior right upper deciduous molar (d. 1), removed from the jaw fig. 22. 

Fig. 27. Caprtdayus hlspldas (Pears.). Median right upper premolar (p. 2), of young individual in the 
Br. Mus. Z. D. 

Fig. 28. Lepas sp. Bight upper deciduous molars (d. 3-d. 1). China. Br. Mus. Z. D. 

Fig. 29. P relay ns oenlnyensls (Kou.). Bight upper deciduous molar (cither d. I or cl. 2) *. 

Fig. 30. Layopsis verus (liens.). Bight upper deciduous molar (either d. 1 or d. 2). Middle Miocene 
of La Grive-Saint-Alban *. 

Fig. 31. Layopsis verus (Hens.). Median right upper premolar (p. 2). La Grive-Saint-Alban. Br. 
Mus. G. D. 

Fig. 32. Layopsis verus (liens.). Left upper molar. La Grive-Saint-Alban. Br. Mus. G. D. 

Fig. 33. Caprolayus hispidus (Pears.). Complete series of the right upper eheek-tceth. Adult. From 
a skull in the Br. Mus. Z. D. 

-Fig. 31. Lupus niyricoUis, F. Cuv. Posterior right upper premolar (p. 3). Br. Mus. Z. D. No. 81.4.29.7. 

Fig. 35. Titanomys Fontannesi (Dep.). Left upper deciduous molar (either d. 1 or d. 2) *. 

Fig. 3G. Paheolayus Hay deni , Leid. Fragment of right maxillary ramus, showing the empty alveolus 
of the median premolar (p. 2), and the three following cheek-teeth (p. 1, m. I, m. 2). Br. 
Mus. G. D. No. M5727. 

Plate 37. 

Fig. 1. Titanomys Fontannesi (Dep.). Isolated lower anterior premolar (p. 2), unworn. [Middle 
Miocene of La Grive-Saint-Alban, like all the other specimens of this species*. 

Fig. 2. Titanomys Fontannesi (Dcp.). Another isolated specimen of the same tooth, slightly worn*. 
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Fig. 3. Titunomys Fontannesi (Dep.). A third isolated specimen of the same, slightly more worn by 
attrition than the former*. 

Fig. 4. Titunomys Fan tannest. (Dep.). A fourth isolated specimen of the same, much worn *. 

Fig. 5. Prolag us sard us (Wagn.), var. rorsicanus. The two interior deciduous molars (d. 2, d. I) from 
a left mandibular ramus. The first true molar (m. 1) of the specimen, not figured, shows a 
vestige of the terminal cusp ( a / ” = hypoconulid). 

Fig. 0. Pro lug us aminyensis (Ivon.). Left mandibular ramus of young individual, showing the two 
deciduous (d. 2 , d. I) aud the two true molars (m. I, m. 2). La Grivo-Saint-Albau. Br. 
Lius. G. D. No. L1523 0. 

Fig. 7. Titunomys Fontannesi (Dep.). Complete series of the lowxr cheek-teeth (p. 2-m. 3) in a left 
mandibular ramus. Adult. Br. Mus. G. D. No. 5 267 a. 

Fig. 8 . Caprolagus {Oryetohiyus) cuniculns (Linn.). The two lower premolars (p. 2, p. I), in a right 
mandibular ramus of an immature specimen. Herefordshire. W. F. de Winton, Esq. 

Fig. 9. Prohigus oeninyensis (Eon). Complete series of inferior cheek-teeth (p. 2-m. 2), left side. 
Adult*. 

Fig. 10. Titunomys Fontannesi (Dep.). Posterior premolar (p. I) and anterior true molars (in. I, in. 2) 
in a left mandibular ramus of an immature specimen, p. 1, being still in the socket, has not 
yet conic into attrition. Br. Mus. G. D. No. 5207 b. 

Fig. II//. Titunomys risenoriensis, II. v. Mev. Isolated upper posterior premolar (p. I), or anterior 
molar (in. I?, right side. Lower Miocene of Weisenau. Br. Mus. G. D. No. 7217 c. 

Fig. 11 5. Titunomys risenorieusis, II. v. Mey. Probably posterior premolar (p. 1) or anterior molar 
(in. 1). Left side. Lower Miocene of Weisenau. Br. Mus. G. D. No. 7217 d. 

Fig. 12. Prohigus amingensis (Ivon.). Anterior premolar (p. 2) from a left mandibular ramus. 

Fig. 13. Caprolagus Lucosti (Pomel). Anterior prcmolar (p. 2) from a left mandibular ramus. Upper 
Pliocene of Perrier (France). Br. Lius. G. D. No. 27618. 

Fig. 14. Lugopsis rents (Hens.). The two posterior true molars (m. 2, m. 3) from a right mandibular 
ramus. La Grive-Saint-Alban. Br. Lius. G. 1>. No. 5263. 

Fig. 15. Titunomys Font un uesi (Dep.). Upper view of left mandibular ramus, exhibiting the empty 
alveoli of the five cheek-teeth*. 

Fig. IG. Titunomys Fontannesi. (Dep.). Posterior premolar (p. I) and the two auterio* true molars 
(m. I, nn 2) in a right mandibular ramus. Empty alveoli of p. 2 and m. 3. Br. Lius. G. D. 
No. LI 52 67 c. 

Fig. 17. Caprolagus (Nesotugus) Xetscberi (Selileg. & Jent.). Posterior upper premolar (p. 1 right 
side, from the skull in the Br. Lins. Z. D. No. 92.5.2 LI. Sumatra. 

Fig. 18. Caprolagus siralensts, Llaj. The two inferior premolars (p. 2, p. 1 ), from a fragment of the 
left mandibular ramus. Plioeene, Siwalik Hills, India. Cautlcy Coll. Br. Lins. G. D. 
No. IG529. (By an inadvertence of the artist, the anterior side of the tcetli is turned to the 
right— their outer side being directed upwards in the plate — instead of to the left, as in all the 
other figures of mandibies and teeth of the left side.) 

Fig. 19. Caprolagus (Pomerolugtts) Xelsoni (Llerr.). Anterior premolar (p. 2), from a right mandibular 
ramus. Llount Popocatepetl (Mexico). Br. Lius. Z. D. 

Fig. 20 b. Caprolagus ( Sylvilagus ) palustris (Baclnu.). Lower anterior premolars (p. 2), right («) aud 
left ib) i from a specimen in the Br. Lins. Z. D. 

Fig. 21. Titunomys Fontannesi (Dep.). The posterior premolar (p.l) and the two anterior true molars 
(m. 1, m. 2) in a fragment of the right mandibular ramus. 

Fig. 22. Caprolagus hispidtts (Pears.). The two premolars (p. 2, p. 1) from the right mandibular ramus 
of an immature specimen in the Br. Lius. Z. D. 

Fig. 23. Cttprolugus hispidtts (Pears.). Complete series of lower cheek-teeth (p. 2-m. 3) from a right 
mandibular ramus of an adult speeiinen in the Br. Lius. Z. D. 
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Fig. 24. TUunomys I'isenoviensis, H. v. Mey. The two anterior true molars (m. 1, in. 2) from a frag- 
ment of the left mandibular ramns. Bravard Coll. Lower Mioeene of Allier (France). Br. 
Mus. G. D. No. 31095. 

Fig. 25. Titanonnjs visenoviensis, II. v. Mev. Tlie two premolars (p. 2, p. 1), from a fragment of the 
right mandibular ramus. Lower Miocene of Allier. Br. Mus. G. P. No. 31090. 

Fig. 20. Layopsis vents (liens.). The four anterior cheek-teeth (p. 2, p. 1, m. I, ni. 2) and the empty 
alveolus of the last (m. 3), in a left mandibular ramns. La Grive-Saiut-Alban *. 

Plate 38, 

Fig. I. Caprofayus (Sylrilayas), sp., jun., from Bogota. Right raanus, anterior or upper surface view. 

Nat. size, r — vesaliaimm (earpale V) ; h — liamatnm (earpale I A") . Nat. size. 

Fig. 2. The same. External (ulnar) view. Nat. size. 

Fig, 3. Cuprolayus (Orydulayus) crassicavdatus (Is. Geoffr.). Br. Mus. Z. D. No. 90.0.0.1. Left 
maims, ulnar view. Nat. size. 

Fig. 4. Layomys rufesce ns y Gray. Br. Mus. Z. P. Right manus, anterior view. 2x1. 

Fig. 5. Caprolagus ( Oryctolayus ) arnica las (Linn.), juv. Right tarsus, ulnar view. Nat. size. 

Fig. 0. Caprolagus {Fylvilagiis) brasiliensis (Linn.), juv. Roy. Coll, Se., London. Right tarsus, ulnar 

view. Nat. size. 

Fig. 7. Caprolagus (Sy lei lay us) , sp. juv. Bogota. Right tarsus, ulnar view. Nat, size. 

Fig. 8. Caprolagus (Sylvilayus) bra si Hen sis (Linn.), juv. Roy. Coll. Sc., London. Right antebra- 

ehium and manus. a , anterior, b , posterior or volar view. Nat. size. 

Fig. 9. La yap sis vents (Hens.), or Tilanontys Fonlanncsi (Pep.). Middle Mioeene, La Grive-Saint-Alban. 
Br. Mus. G. D. No. M5274. Right metatarsus V. a , anterior; b, posterior view. 2x1. 

Fig. 10. Layopsis verus (liens.), or TUunomys Fontavnesl (Pep.). Middle Mioeene, La Grive-Saint-Alban, 
Br. Mus. G. P. M 5273. Left ulna, a , anterior; b y posterior view. Nat. size. 

Fig. II. Pro/ayns sardus (Wagn.). Left ulna, a y anterior; b, posterior view. Nat. size. IMeistoeene 

breccia, Monte San Giovanni (Sardinia). Br. Mns. G. P. M 3 1-71. 

Fig. 12. Prolayus sardus (Wagn.) . Right radius, a, anterior; A, external (ulnar); r 9 internal (radial) ; 

d y posterior view. Nat. size. Pleistocene breccia, Monte San Giovanni (Sardinia). Br. Mns, 
G. P. M3 471. 

Fig. 13. Prolayus sardus (Wagn.). Left metatarsus II, from behind. 3x1. Pleistoeeue breccia, 
Moute San Giovanni (Sardinia). Br. Mus. G. P. 

Fig. 14. Layomys rufescens, Gray. Left metatarsus 11, external (fibular) view. 3x1. Br. Mus, Z.D, 
No. 71,11.21.1 7. 

Fig. 15. The same. Posterior view. 3x1. 

Fig, 16. The same. Anterior view. 3x1, 

Fig. 17. Prolayus cvninyensis (K6n.). Left metatarsus II, anterior view. 3x1. Middle Mioeene, 
La Grive-Saint-Alban. Br. Mus. G. P. No. M5248, 

Fig. 18. The same. External (fibular) view. 

Fig. 19. Prolayus sardus (Wagn.). Right metacarpal V, from the outer (ulnar) side, to show the facet for 
the os vesaliaimm (earpale V). 5x1. Pleistocene breccia, Monte San Giovanni (Sardinia), 

Br. Mns. No. G. P. No. M3471. 

Fig. 20. Layomys rufescens, Gray juu. Right autebraehium. u } front view; 6, external (ulnar) ; c, internal 
(radial) view. 2x1. Br. Mus. Z, P. 

Fig, 21. Layomys rufescens , ad. Right radius. «, internal (radial) ; b y front view. 2x1. Khorassan. 
Col. \ r ate. 

Fig. 22. Caprolagus [Oryctolayus) crassicandatus (Is. Geoffr.). Left tarsus and metatarsus; internal 
(tibial) view. Nat. size. From skel. Br, Mus. Z. P, No. 96.6.6.1. 
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Fig. 23. Caprolagus (Xesolagns) Xetschcri (Schlcg. & Jeut.). Right tarsus aud metatarsus ; internal 
(tibia!) view. Nat. size. From skel. Br. Alus. Z. D.f 
Fig. 24. Caprolagus {Caprolagus) hispidus (Pears.). Right tarsus and metatarsus, internal (tihial) view. 
Nat. size. Br. Alus. Z. D. 

Fig. 25. Lepits timidus, Linn. {L. v nr in bills, Pall.). Right tarsus and metatarsus, internal (tibial) view. 

Nat. size. Ireland. Br. Alus. Z. D. No. 76.4.10.2. 

Fig. 20. Lngomys rufescens, Gray. Right tarsus and metatarsus, internal (tibial view). 2x1. 

Fig. 27. Prolagus sardus (Wagn.), var. corstcanus. Left metatarsus II . a, anterior; b, internal; 

c, posterior; d, external view. Nat. size. Pleistocene breccia. Toga nr. Bastia (Corsica). Br. 
Mns. G. No. D. Af 3480. 

Fig. 28. Caprolagus {Xesolagns) Xetscheri (Schleg. & Jeut.). Left antebraeliinm. a, front view ; b, ex- 
ternal (ulnar) ; c , internal (radial) ; d, posterior view. Nat. size. Sumatra. Br. If us. Z. S. 
Sumatra. Br. Mns. Z. D. 

Fig. 29. Lngomys rufescens, Gray. Right ulna, a, external (ulnar) view (almost posterior in adult 
Lcporuke) ; b, posterior view (almost internal in adult Leporidae); c, front view (almost 
external in adult Leporkke). 2x1. Khorassan. Col. Yate. 

Fig. 30. Caprolagus {On/ ctolng us) cunicidus (Linn.), Left antebrachium. a, front; b, external (ulnar); 
c, internal (radial) ; d, posterior view. Nat. size. Herefordshire. 


Plate 39 

Fig. 1. Titancmys Fontannesi (Dep.). m. 1, sup. dext. Anterior view. 3x1. Middle Miocene. La 
Grive-Saiut- Alban *. 

Fig. 2. Titanomys Fontannesi (Dep.). in. 2, sup. dext. a, anterior; b, external view. 3x 1. La Grive- 
S a in t- Alba n *. 

Fig. 3. Sci a ropterns f u s co ca p ill ns, Blvth. m. 2, sup. dext. Anterior view. 4x1. Br. Mns. Z. D. 
No. 52.5.9.19. 

Fig. 4. Titanomys Fontanncsi (Dep.). Upper deciduous molar, much worn. Anterior view. 3x1. 
Tooth figured PI. 36. fig. 14. 

Prig. 5. Titanomys visenoviensis, II. v. Alev. p. 2, sup. sin. a, posterior; flower view. 4x1. Lower 
Alioeenc, AYeiseuau. Br. Alus. G. D. No. AI7217. 

Fig. 6. Titanomys Fontannesi (Dep.). Right lower molar, a, anterior; b, inner; c , outer view. 24 X 1. 
La Grive-Saiut- Alban *. 

Fig. 7. Caprolagus ( Onyctolagus ) cunicidus (Linn.), juv. m. 1, sup. sin., posterior view. 3x1. 

Fig. 8. Caprolagus ( Onyctolagus ) cunicidus (Linn.), juv. m. 1, sup. dext. Anterior view. 5x1. 
Specimen figured PI. 36. fig. 1. 

Fig. 9. Caprolagus (Ory doing us) cunicidus (Linn.), juv. dee. 1, sup. dext. a , anterior; b, outer view. 
5x1. Specimen figured PI. 36. fig. 1. 

Fig. 10. Pteromys melanotis, Gray. m. 2, sup. dext. Anterior view. 3x1. Br. Afus. Z. D. 
No. 48.8.15.2. 

Fig. 11. Titanomys visenoviensis, II. v. Alev. Left lower molar, a, outer; dinner; c, anterior view. 
24 x 1 Br. Alus. G. D. No. 21495. 

Fig. 12. Titanomys Fontannesi (Dep.)? p. 2 sup. dext. (?) Anterior view. 4x1. La Grive-Saint- 
Alban. Specimen figured PI. 36. fig. 9. After renewed examination, the generic affinities of 
this tooth seem very doubtful. 


t pc. of this fig. to be read together ( = pc. praecuneiform). 


520 


FOSSIL AND RECENT LAGOMORPHA. 


Fig. 13. Titanomys Fontannesi (Dep.). m. 1 sup. sin. Anterior view. 3x1. La Grive-Saint- Alban. 

Specimen figured PI. 36. fig. 12. 

Fig. 14. Titanomys visenoviensis, H. v. Mey. in. sup. dext. Anterior view. 3x1. Specimen figured 
PI. 36. fig. 18. 

Fig. 15. Scinropterns xunthipes (Milne-Edw.). m. 2, sup. dext. Anterior view. 3x1. I5r. Mils. Z. D. 
No. 95.7.5.1. 

Fig. 16. Titanomys risenoviensis, II. v. Mey. m. 2 sup. dext. Lower view. 10 x 1. Weisenau. Br. 
Mus. G. I). No. M7217. 

Fig. 17. Caproluyns (Sylrilayns) brasUiensis (Linn.), jnn. Sternum. Front view. Nat. size. Royal 
College of Science, London. 

Fig. 18. Caproluyns (Nesolayns) Netscheri (Seldeg. & Jent.). Sternum. Front view. Nat. size. Br. 
Mils. Z. D. 

Fig. 19. Titanomys Fontannesi (Dep.). p. 1 sup. dext. Anterior view. 3x1. Specimen figured PI. 36. 
fig. 8. 

Fig. 20. Pteromys nit id as, Desm. Germ of m. 2, sup. dext. Anterior view. 3x1. 

Fis. 21. Titanomys Fontannesi (Dep.). dec. sup. sin. Anterior view. 3x1. Specimen figured 
PI. 36. fig. 35. 

Fig. 22. Layupsis vents (Hens.), dec. sup. dext. Anterior view. 4x1. Specimen figured PI. 36. 
fig. 30. 

Fig. 23. Protayns ceninyensis (Kon.). dee. sup. dext. Anterior view. 7x1. La Grive-Saint-Albau. 
Specimen figured PI. 36. fig. 29. 

Fig. 24. Prolag ns sardns (Wagn.) 5 var. Corsica nns. Metatarsus II. Pleistocene breccia of Toga, near 
Bastia (Corsica). 3x1. 

Fig. 25. Titanomys Fontannesi (Dep.). Left mandibular ramus. a } inner; Z>, outer view. Nat. size. 
La Grivc-Saint-Alban *. 

Fig. 26. Protayns reninyensis (Kon.). dec. 2 inf. l x 1. La Grive-Saint-Albau*. 

Fig. 27. Protayns sardns (Wagn.), var. corsicanns . Right mandibular ramus, a , inner; b, outer view. 
Nat. size. Pleistocene breccia, Toga (Corsica) *. 

Fig. 28. Caproluyns (A esolayus) Netscheri (Selilcg. & Jent.). Right mandibular ramus, outer view. 
Nat. size. Br. Mus. Z. D. No. 92.5.24.1. 

Fig. 29. Titanomys Fontannesi (Dep.). Posterior fragment of right mandibular ramus, a, outer; pinner 
view. Nat. size. La Grivc-Saint-Alban *. 

Fig. 30. Layopsis vents (Hens.). Right mandibular ramus, a, outer; A, inner view. Nat. size. La 
Grive-Saint- Alban *. 

Fig. 31. Titanomys Fontannesi (Dep.). Left mandibular ramus. a, outer; b y inner view, Nat. size. 
La Grivc-Saint-Alban *. 

Fig. 32. Caproluyns ( Ca protayns ) hispidvs (Pears.). Palatal view of skull. Nat. size. Br. Mus. 

Z. D. No. 48.9.12.11. »i=maxillary,// = palatinuni. 

Fig. 33. Caproluyns (Sytritayus) Nelsoni (Merr.) [Runierolayns Nelson i, Mcrr.]. Palatal view of skull. 

Nat. size. Popocatepetl, Mexico. Br. Mus. Z. D. No. 97.6.1.5. 

Fig. 34. Layomys rnfescens , Gray. Palatal view of skull. Nat. size. Br. Mus. Z. D. 

Fig. 35. Caproluyns (Sylvitayus) brasUiensis (Linn.), juv. Palatal view of skull. Nat. size. Royal 
College of Science, London. 

Fig. 36. Protayns sardns (Wagn.). Palatal view of skull. Nat. size. Pleistoceue breccia, Monte San 
Giovanni (Sardinia). Br. Mns. G. D. 

Fig. 37. Caproluyns ( Oryctolayns ) crassicaudatus (Is. Geoflr.). Palatal view of skull. Nat. size. Br. 
Mus. Z. D. No. 96.6.6.1. 

Fig. 38. Caproluyns (Nesoluyns) Netscheri (Seldeg. & Jent.). Palatal view of skull. Nat. size. Br 
Mus. Z. D. 


